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TO MY OLD STUDENTS AND CO-WORKERS 



PREFACE. 

Nearly four years ago, Sir Edward Thorpe asked me 
to write a monograph on dyestuffs of the Acridine, Xanthenc, 
Aizine and Oxazine Groups for the Series on Industrial 
Chemistry which he is editing. The amount of material 
to be dealt with appeared large for one volume and it was 
decided to write two books, one dealing with acridine and 
xanthene compounds, the other with azines and oxazines. 

In the course of the work it was found necessary to 
refer so frequently to pyridine and quinoline that the scope 
of the present monograph was enlarged. This seemed the 
more desirable on account of the interest recently taken in 
sensitising dyes derived from quinoline. 

Patent literature has necessarily been used for much 
of the information. It is scarcely requisite to point out to 
the reader that a specification does not always contain the 
whole truth and nothing but the truth. 

Much use has been made of the works of Schultz and 
Friedlander. With regard to the latter work my task has been 
very greatly facilitated by the gift of a copy of ''Fortschritte 
der Theerfabrikation'" from my old students at Blast London 
College, to whom my warmest thanks are due. 

J. T- Hewitt. 


Maiwr JSeM#e, Sutton^ 
MiMkmx, 
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CHAPTER I. 


PYRIDINE AND ITS HOMOLOGUES 


The three bases, pyridine (C5H5N), quinoline (C^H^N), 
and acridine (CigHjjN), although colourless, exhibit selective 
absorption in the ultra violet, and furnish compounds by sub- 
stitution which are often coloured and sometimes behave as 
dyestuffs; this is more especially true of the derivatives of 
acridine. The constitution of the three bases may be repre- 
sented as follows 


I 

N 

6HC{AcH2 
5 PIC VCH 3 
CH 
4 

Pyridine 


8 I 
CHN 

7 HCj^ACH 2 
6 Hcky VCH 3 

CH CH 
5 4 

Quinoline 


9 10 I 
CH N CH 


8 HG 

7HC 



|CH2 

’cH3 


654 

Acridine 


and it is at once apparent that their relationships to one 
another resemble in a way those of benzene, naphthalene and 
anthracene. 

The constitution of pyridine is definitely settled by its 
relationship to piperidine, C^nN, a secondary base obtain- 
able from piperine, the alkaloid of pepper (Piper nigrum), 
by heating with sodla-lime (Cahours, Ann. Chim. Phys., 1853, 
wb 38^ 76; Anderson, Annalen, 1861, 84, 345). Piperidine 
has a six-membered ring ; this is clear from its synthesis, for 
it may be prepared by adding 4 parts of sodium to a solution 
of one part of trimethylene cyanide in 8 parts of absolute 
alcohol (Ladenburg, Armalen, 1888, 247, 53), 

: cS + * H - cH.<g§ : + NH. 

Hewitt, Syxttietic 
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and also by the dry distillation of the hydrochloride of penta- 
methylenediamine (Ladenburg, Her., 1885, 


:gi: : gg: = ch.<ch. ; ch + nh. 


Since piperidine is also obtainable from pyridine by re- 
ducing its hot alcoholic solution with sodium (Ladenburg 
and Roth, Ber.^ 1884, i/, 388, 773; Annalen, 1888, 247, 51), 
it follows that the carbon and nitrogen atoms of pyridine 
must also form a six-membered ring; this is confirmed by 
the fact that piperidine is oxidised to pyridine when heated 
with concentrated sulphuric acid to 300® (Koenigs, Ber., 
1879, ^344)- The two bases are consequently related to 

one another in the following way, 

NH N 

h,cAch, hcAch 

h-cUh. hcI^h 

The constitution of quinoline is fixed by its synthesis 
from aniline and its degradation to pyridine, and that of acri- 
dine by its synthesis from formyldiphenylamine and degrada- 
tion to quinoline. 

Dewar (Zeitschr, f. Chem.^, 1871, 117), was the first to 
suggest a ring constitution for pyridine ; he arranged the 
extra valencies of the nitrogen and carbon atoms in the 
following manner: 


N 



This is, however, only one way of representing the carbon 
atoms as tetravalent and the nitrogen as tervalent ; Just as 
several formulae have been proposed for benzene, so we 
may represent pyridine as constituted in various ways ; e. g.- 


HC^r 


Ha 


N 


!CH 


N 

HQ 


\ 


CH 


CH 


HC 


N 

T>,ch 


Vi^GH 

CH 


HQ 


HCl 
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we may go even further and suppose that the molecule at 
one instant possesses one structure, at another instant, a 
different one. Corresponding formulae may be assigned to 
quinoline and acridine: these will be discussed later. 

Many derivatives of these bases, especially those in 
which hydrogen in certain positions is replaced by the amino- 
or hydroxyl-group, exhibit tautomcrism. For example, 2 - 
and 4-N-methylpyridones exist, as well as the isomeric 2 - and 
4-methoxypyridines, but in each case only one corresponding 
hydrogen compound is known. Thusi 2-pyridone corresponds 
to either formula I or II, but 2 -methylpyridone (HI) and 
2-methoxypyridine (IV) are distinct compounds. 


CH 

CH 

CH 

CH 

Ach 

hcAch 

HCjAcH 


Uco 

HCV/COH 

HCVCO 

HCVC-OCH, 

NH 

N 

n-ch^ 

N 

I 

II 

III 

IV 


In the case of quinoline and acridine, tautomcrism may 


be caused not only by substitution in the ring of which the 
nitrogen atom is a member, but also by substitution in a 
ring, all of whose members are carbon atoms, thus : 


N 

is tautomeric with 



A somewhat different type of tautomerism is also pos- 
sible in the case of the amino- and hydroxy-phenylpyrtdines- 


N NH 

These various types of tautomerism should be kept in 
mind, for it is generally only such compounds as may be re- 
presented by tautomeric formulae, i. e. can possess a qiiino- 
noid configuration, which form real dyestuffs**) 

Whilst acridine gives rise to a large number of dyestuffs, 

i) The author is not maiking a confession of quinonoid faith, hut 
simply pointing out a fact'" Thus- in the aao-ierics, the dyestuffs 
arc possibly (probably) not quinottoid, neve-rthelesf they may be 
written with a tautomeric quinonold structure^ 
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quinoline to comparatively few and pyridine hardly any, a 
short account of the two simpler bases is desirable for a 
better understanding of the synthesis, reactions and proper- 
ties of the acridine compounds ; especially since the dyes 
used as photographic sensitisers are mostly derived from 
quinoline. 

As tertiary bases, pyridine, quinoline and acridine each 
unite with one molecular proportion of an alkyl halide. The 
corresponding quaternary ammonium hydroxides are un- 
stable, they usually undergo isomerisation to pseudo-bases 
which are then readily oxidised. The relationships in the case 
of acridine methiodide, methylacridol and methylacridone 
may be represented in the following way. 



Acridine-methiodide 


N-CH, 


oco 

CHOH 

Methylacridol 



Methylacridone 


Occurence and Synthesis of Pyridine and its Derivatives 

The pyridine bases are found in bone-oil (Anderson, 
Annalerij 1848, 70, 38; 1851, 80, 44) and amongst the products 
of distillation of bituminous shales (Williams, lahresh., 1854, 
492) and of coal (Williams, Jahresh,, 1855, 552; Thenius, 
ibid,^ i86r, 501)* They are also produced when cinchonine 
is distilled with caustic potash (Williams, ibid.). 

Many syntheses of the pyridine ring have been effected. 

1. Ramsay obtained pyridine by passing a mixture of 
acetylene and hydrocyanic acid through a red-hot tube {Ber.j 
1877, 10, 736). 

2QH, + HCN = C5H5N. 

Liubawin was unable to confirm this reaction (/. Russ. 
Phys.-Chem. Soc., 1885, 17, 250). 

2. Pyridine is formed when ethylallylamine is passed over 
lithargei at 400 — 500^ (Koenigs, Ber., 1879, 12, 2344). 

NH (QHs) (C3H,) + 30 = C,H,N + 3 H,0. 
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3. Piperidine is oxidised to pyridine not only by heating 

with concentrated sttlphuric acid (v. s.), but also by nitro- 
benzene at 250 — 260® (Lellman and Geller, Ber,, 1888, 21 , 
1921). ; ' )_ 

A peculiar oxidation of the piperidine to the pyridine 
nucleus occurs on heating benzoylpiperidine with benz- 
aldehyde, when a dibenzylpyridine is formed (Riigheimer, 
Amalen, 1894, 280, 36). 

4. Aldehydes of the aliphatic series yield pyridine bases 
when heated with ammonia, e. g. — 

^ CH3 . CHO + NH3 = C.Hs (CH3)3 N + 4 H ,0 
2 CH. : CH . CPIO + N'H^ = QH4 (CH3) N + 2 H^O 
(Baeyer, Annalen, 1870, 155, 283; Claus, Annalen, 1871, 158, 
222). 

Pyridine and ^-picoline are formed when glycerine is 
heated with ammonium sulphate and sulphuric acid. Pyridine 
is formed when ^‘oxytrialdin’’ and ''oxytetraldin’’ are heated 
with soda-lime (Schiff, Annalen, 1874, Suppl. Bd. 6, 21). 

Tschitschibabin (T, Russ. Phys.-Chem. Soc.y 1905, 37, 1239) 
found in all the cases he investigated, that the action of 
ammonia on aldehydes proceeds according to the equation 


CR:C(CPI,Rh 

3 R . CH 3 • CHO -f NH 3 «= CH< >N 

XR CW 


+ tla + 3H,0 


5. Some ketones give pyridine derivatives on heating 
with ammonia. Collidine is obtained from acetone and am- 
monium chloride at 265 ® (Riehm, Annalen, 1887, 238, 17), 

3 CgHsO + NH,C 1 = C,PL (CPIa)a N • HCl + 3 H.O + CH, 
or from acetone and urea at no — 140^ (Riehm), or from 
acetone and aldehyde-ammoniaj at 200® (Durkopf, Ber., 1888, 
2J, 2713). 

6. Substituted pyridines are formed by distilling oximes 
of ketones of the general formula R • CPI : CH • CH : CH - 
CO-R^ (Scholtz, Ber., 1895,25,1726; 1899,32,1935; 1903, 
36, 845 ; 1910, 43, 1861). 


\ 


CPIR 


NOH N 

R'-C"^ CH*R R'^C'^ 

I !1 - H,0 + I II 

HC. CH H-C\ .CH 




CH^ 
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7. Aldehyde-ammonia condenses with ethyl acetoacetate 
to give the di-ethyl ester of dihydrocollidinedicarboxylic acid ; 
the two extra hydrogen atoms may be removed by oxidation 
with nitrous acid', and, after hydrolysis, carbon dioxide is 
removable by heating with lime with the' result that collidine 
(trimethylpyridine) is obtained (Hantzsch, Annalen, 1882, 215, 

32). 

NH, 


CHg.C-OH 

II 

CsH,0-COCH 


+ + 

CHO 


HO-C-CH^ 
H-C-CO-OCHg 


CHa 


NH 

CH3-C^C*CH, 

H II 

QHsO • CO • C^C • COOC^Hg 
CH 
CH« 


+ 3H,0 


From aldehyde-ammonia, aceftoacetic ester and alde- 
hyde, dimethylpyridinecarboxylic acid may be obtained by 
an analogous series of reactions (Michael, Ber., 1885, 18^ 
2022). In the following papers, the mechanism of the reaction 
is discussed and a number of syntheses described (C. Beyer, 
Ber,, 1891, 24, 1662; E. Knoevenagel, Ber., 1898, ji, 738, 761, 
767,1025; 1902, J5, 2172,2390; 1903,3(5,2180). 

8. Collie obtained various' pyridine derivatives by distill- 
ing ethyl aminocrotonate, chiefly ethyl lutidonemonocarb- 
oxylate, m. p. 164 — 164 {Annalen, 1884, 226, 297; Trans. 
Chem. Soc.j 1891, 5p, 172; 1895, 67, 215 

2 + NH3 + C,HgOH 

By heating the hydrochloride of ethyl ^S-aminocrotonate, 
two isomerides, viz. ethyl pseudolutidostyrilcarboxylate, m. p. 
138^ — 139^, and ethyl 2-hydroxy-4-'methylpyridine-6-acetate, 
m. p. 166 — 167^ were obtained (Collie, Ber._, 1887, 20, 445; 
Trans, Chem. Soc., 1897, 71, 299). 

CHs-C-NH C,HgO*CO CHgCNH CO 

II + ' I II B 

C,H, O • CO • CH NH, . C(CHa): CH C,HgO • CO • C • C(CH,):CH 

* ® -TT 
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^HgOCO'CH^-CiNH 

I 

HCH. 


QHgO-CO QH^O-COCHa-CrN- 


+ II 

NH:C(CH8)-CH3 
HCl 


-C-OH 


HC:C(CH,)*CH 


Numerous derivatives were prepared. 

9. The ethyl ether of hydroxylutidine is formed by 
heating ethyl acetoacetate with excess of zinc chloride-am- 
monia for five hours at 100 ^ (Canzoneri and Spica, Gazzetta, 
1896, /d, 449). 


2CH,-COCH,-COOC,Hs + NH.= 


CH3QoC,Hj_j. CjHsCHI + CO, + 2 H,0 


10. A six-membered ring with one nitrogen atom may 
be built up from acetone, an amine and cyanacetic ester 
(Guareschi, Mem. R. Accad. Sci. Torino, 1901 (ii), 50, 235). 


C0(CH8),+2CH,(CN)C00R+NH,R'-= 

= H ,0 + 2 ROH + C(CH3),<g^ JJj ; g® ^j>NR' 

There are many other papers by Guareschi and his co- 
workers from 1895 onwards. 

I X. The ammonium salt of acetylpyruvic acid loses water 
giving a-imino-7-ketopentoic acid as an intermediate pro- 
duct, and then 3-acetopicoline-2 : 6-dicarboxylic acid (Mumm 
and Bergell, 1912, ^5, 3044; see also Mumm and Hiineke, 
Ber., 1917, 50, 1568 ; 1918, 51, 150). 


CH« • CO • CH, • CO - COONH^ == H^O + CH^ • CO -CHa* C(: NH)j- COOH 
:CH-C(;NH)-COOH 
• C(:NH)*COOH - H^O 


CHg-CKOH) 

rT b 


CHa-CO-CHiH 


CH«-C:CH- 


-C;(;NH)- 


CHj • CO • C : C (COOH) NH, 


COOH 


■NH, 


CH^-C:CH» 


-C-COON 
II 


CHs-CO C:C(COOH) N 

12. Comenic add (derived from meconic add) boiled 
with an excess of ammonia gives comenamic acid (Dihy- 
droxypicolinic acid) (How, Annalen,i%$i,8o, <)t). 
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O 


NH 


hlcAc-cooh 

HO-cUcH 

CO 


+ NHs == H^O + 


HCjAC • COOH 
HOCUCH 
CO 


N 

HC/\C*COOH 

HOC\/CH 

COH 


The conversion of derivatives of jz-pyrone into corres- 
ponding pyridine compounds has engaged the attention of 
many chemists (Reibstein, J. pr. Chem. i88i, ii, 24^2,8$; Ost, 
ibid., 1883, 11, ^7, 275, 278, cfc c. ; Bellmann, ibid., 1884, 11, 

14; Krippendbrf, ibid., 1885, 11, 32, 162; Haitinger and Lieben, 
1885, ( 5 ^ 300 ; Lerch, {5^^.^1884,5,402; Peratoner, 
GazzeUa, 1911, 41, 11, 619). 

13. Hydroxynicotinic acid is obtained by the action of 
ammonia on coumalic acid or its methyl ester (Von Pech- 
mann and Welsh, 1884, 17^ 2390). 


COOH . C = CH • O COOH • C = CH • NH 

I II +NH 3 = I I +H ,0 

CH:CH-CO CH:CH-CO 


Glutazine, NH:C<^Q^*^0^NH,is tautomeric with amino- 
dihydroxypyridine ; when it is boiled witli) concentrated 
hydrochloric acid, ammonia is eliminated and trihydroxy- 
pyridine formed (Stokes and von Pechman, Her., 1886, ip, 
2701). 

A number of syntheses from esters of a-pyroiie-carb- 
oxylic acids and related compounds are due to Gutzeit and 
co-workers (Annalen, 1891, 262^ 89; Ber., 1893, 26, 2795; 
Annalen, 1895, 285, 36; Haussmann, ibid., 61; Band ibid., 
10 %). 

14. Citramide, treated with sulphuric acid of 70 — ^75 Vo, 
yields citrazinic acid (dihydroxypyridinecarboxylic acid) 
(Behrmann and Hofmann, Ber., 1884, 17, 2687). 

+ 2NH3 

Ruhemann {Trans. Chem. Soc., 1893,65,259) obtained 2:6- 
dihydroxy“3-ben2ylpyridine by the action of ammonia on 
ethyl benzylglutaconate (See also, Ruhemann and Morrell, 
Trans. Chem. Soc., 1891,59,743). 

15. A small amount of pyridine is formed when pyrrole 
is heated with methylene iodide and! sodium, methoxide above 
200® (Dennstedt and Zimmermann, Ber., 1885, 
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HC 

HC 


NH 
[CH 
ICH 


n: 


+ CH,L = 2HI + 


N 

HCrACH 

HCVCH 

CH 


The potassium derivative of pyrrole gives 2--chloropyri- 
dine on treatment with chloroform (Ciamician and Denn- 
stedt, Ber., i88i, 14, 1153; Compare, Ber., 1882, 15, 1172). 

16. Quinolinic acid obtained by the oxidation of quino- 
line is a pyridine-dicarboxylic acid, and by loss of carbon 
dioxide is converted into pyridine (Hoogewerf and van Dorp, 
Rec. trav. chim., 1882, j, 107; Compare Riedel, Ber., 1883, id, 
1615). 



N N 

HOOCj^ . 

HOOcU U 


iPhenylpyridines can be oxidised to pyridine-carboxylic 
acids which yield pyridine on distillation with lime (Skraup 
and Cobenzl, Monatsh., 1883,^,453). 


Pyridine and Picoiine 

The chief commercial source of pyridine and its homo- 
logues is the light oil obtained on distilling coal-tar. The 
light-oil consists in greater part of benzene and its homo- 
logues ; to obtain these in a marketable condition '"tar acids^^ 
(phenol etc.) and basic substances must be removed ; this also 
extends to the unsaturated hydrocarbons, which would res- 
inify on exposure to the air. 

To remove phenolic compounds, the oil is agitated with 
caustic soda solution, the layers separated, and the hydro- 
carbon mixture stirred with strong sulphuric acid, The latter 
treatment dissolves basic compounds, polymerises indene and 
other unsaturated hydrocarbons and sulphonates to a greater 
or less extent the thiophene and its homologues contained in 
the light oil. 

After agitation with the light oil the sulphuric acid layer 
is very viscous, and when it is diluted with water, a resinous 
mass separates, whilst the bases remain in the aqueous solu- 
tion as sulphates. By addition of oxidising agents (e. g. chro- 
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mates) to the acid layer, aniline etc. may be destroyed; on 
rendering alkaline and distilling, pyridine and other bases 
pass over together with water. 

On the face of it, a more rational method would be to 
extract the bases from the light oil by washing with dilute 
acid before removing the tar acids by alkaline treatment but 
in practice the method does not work well since phenol added 
to a solution of pyridine in benzene hinders its extraction by 
dilute acids, whereas the pyridine does not hinder the removal 
of the phenol by alkalies to anything like the same extent. 
W. H. Hatcher and F. W. Skirrow (/. Amer. Chem. Soc,, 
39 j 1939) show that although a quadrimolecular propor- 
tion of phenol added to a solution of pyridine in benzene 
greatly reduces the extraction of the base by dilute sulphuric 
acid, the extraction of phenol from its solution in benzene 
by means of caustic soda is very slightly reduced by the addi- 
tion of a quadrimolecular proportion of pyridine. (Phenol 
and pyridine form two compounds, (CeHgO) (C5H5N) and 
(CeH60)2 (C5H5N). Bramley, Trans. Chem. Soc,, 1916, 109,475). 

Pyridine mixes with water in all proportions at the ordi- 
nary temperature; it may be partially separated from the 
water accompanying it on distillation by the addition of 
caustic soda, pyridine and other bases rising as an oil. This 
upper layer contains a certain amount of water, and on recti- 
fying the product, a considerable fraction is always obtained 
about 92 — 93 This constant boilingf point mixture has been 
erroneously described as a definite hydrate, C5H5N, 3 H2O 
(Goldschmidt and Constam, Ber., 1883, id, 2077) ; it may 
however be dehydrated with caustic soda, and on destination 
gives a smaller amount of „hydrate‘^ 

Even with good rectifying plant, the separation of py- 
ridine from its homologues is a matter of considerable diffi- 
culty. After purifying as far as possible by distillation, which 
furnishes a pyridine sufficiently pure for solvent purposes or 
for denaturing alcohol, it is necessary to convert the base 
into a crystalline substance if it is required chemically pure. 
For this purpose, some well crystallised, not too soluble salt 
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is chosen, from which the base is regenerated by treatment 
with alkali. On a small scale, Ladenburg (Annalen, 1888, 241, 
4) dissolved 20 grams of pyridine in 100 grams of 10 per cent 
hydrochloric acid and precipitated with 135 grams of mer- 
curic chloride in one litre of hot water. The precipitate 
(CsH^^N, HCl, HgCla, m. p. 177 — 178 was recrystallised from 
boiling water and distilled with caustic soda. To prepare pure 
pyridine on a larger scale, it would be advisable to use a 
double compound with a salt of a metal of lower atomic 
weight and less expensive than mercury. For the removal of 
ammonia from commercially pure pyridine, Barthe (Bull. soc. 
chim., 1905, 111, 459) recomends shaking with water and 

magnesium hydrogen phosphate; this combines with am- 
monia and amines to form salts of the type of magnesium 
ammonium phosphate. 

For a description of the separation of pyridine from 
coal-tar, the reader is referred to Lunge’s '"Coal Tar and 
Almmonia”. The separation of pyridine and quinoline bases 
from Dorsetshire (Kimmeridge) shale oils is described by 
Greville Williams (Q. J.Chem, Soc., 7,^7), and from 
Scottish Shale oils by G. C. Robinson (Trans. R. S. Edin., 
1879, 561 ; 1880, 2p, 265, 273), G. Beilby (I. Soc. Chem. 

Ind., 1889, 1 ( 5 , 886 ) and F. C. Garrett and J. A. Smythe {Trans. 
Chem. Soc., 1902, 8j, 449). The recovery of pyridine bases 
from light wood tar oils is dealt with by Thenius (Allg. 
Oesterr. Chem. u. Tech. Zeitsch., 18 (9), 7), the same author 
also describes (ibid., 18 (id), $) their recovery from crude 
peat tar oils (Abstracts in /. Soc. Chem, Ind., 1900, Jp, 652). 

Pyridine is a colourles liquid having a sharp smell; 
the pure base is not so unpleasant as a mixture with higher 
homologues. Specific gravity, 1.0033 Ladenburg) ; 

0.88245 (IIoV4^ Schiff); 0.989305 (15 V4^ Constam and 
White). Specific Heat: 0.4313 (Kahlenberg) or 0.3848 + 
0.000774 1, Constam and White) ; Latent heat of vaporisation, 
104.0 (Kahlenberg) ; 107.33 (Constam and White). Boiling 
point, 114.5^ (Kahlbaum, see Siedetemp. und Druck., 95; 
dfeda given as to boiling points at various pressures) ; 114.8® 
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(Ladenbiirg) ; ii6 — 116.2 V759-5 (Schilf); 115.2^ (Con- 

stam and White). 

Head of combustion, 675.070 (Thomsen) ; for liquid, 
v==c, 664.68, for liquid, p = c, 665.1, for gas, p = c, 673.7 

(Delepine). 

^Molecular Refraction, Briihl and Constam and White. 
The latter authors have determined several physical con- 
stants {Amer. Chem. /., 1903, i). 

The absorption spectra of pyridine and its homologues 
and derivatives have been measured by Hartley (Trans. 
(Chem. Soc., 1885, 47, 685), Baker and Baly (ibid., 1907, pr, 
1122) and Purvis ('f&iW., 1909, p5, 294). There is a marked 
band in the ultra-violet with head at oscillation frequency 
3950, addition of acid increases the persistency of the band 
and causes a slight shift towards the red. The absorption 
spectra of pyridine and some! derivatives have been described 
by Pauer ffVied. Ann., i8gy, di, 363) and Purvis (Trans. 
Chem. Soc., 1910, p7, 692). 

Pyridine is a weak base, introduction of methyl groups 
in place of hydrogen increases the value of the affinity con- 
stant. Constam and White ( Amer. Chem. 1903, 29, i) give 
the following values. 

Pyridine 3-0 X io~9 

a-Picoline 3.2 X io~^ 

^-Picoline X 10 

y-Picoline 1. 1 X 10-® 

The salts of pyridine with mineral acids are generally 
very easily soluble: those with complex acids, less so. Thus 
the ferrocyanide has been recommended for the isolation of 
pyridine (Mohler, Ber.^ 1888, 21, 1015), but found to be of 
little use by Garrett and Smythe. 

Pj/ridinium Compounda. 

Pyridine methiodide (Methylpyridinium iodide) is formed 
when pyridine is added to methyl iodide at the ordinary 
temperature, the reaction being very energetic (Lange, Ber., 
1^5,1^,3438). When the raethioidide is heated to 290®, iso- 
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merisation takes place and the hydriodides of 2- and 4- 
methylpyridines (a and- y-picolines) are produced. 

CH, I HI HI 

N V ^ V 

Q + CH,I=Q -4- and Q 

Several methylpyridinium salts were described by Bally 
(Ber.^ 1888, 21, 1773) ; the hydroxides of alkylpyridinium 
bases are readily oxidised to N-alkylpyridones. 

Pyridine ethiodide. Anderson (Annalen, 1855, p4, 364) 
heated pyridine with ethyl iodide to 100®. The resulting salt 
forms shining leaflets, easily soluble in water, alcohol and 
ether. By heating it to 290 Ladenburg (Ber., 1883, ^059 J 

1885, 18, 2961) obtained ammonia, free pyridine, a- and y- 
ethylpyridines and ay-diethylpyridine. 

Pyridine combines similarly with benzyl chloride, ethyl- 
ene dibromide, chloracetic acid (betaine formation) etc. ; 
furthermore, addition compounds, presumably pyridinium 
salts, are obtained by the action of i -chloro -2: 4-dinitro- 
benzene (Zincke, Annalen, 1904, 330, 361) and cyanogen 
bromide (Konig, L pr, Chem., 1904, ii, < 5 p, 105). 

a-Picolim 

This base accompanies pyridine obtained from coal tar, 
bone oil or shale oil andi is contained in the mixture of pyri- 
dine bases as separated by the method sketched out pre- 
viously. It may be purified to a considerable extent by frac- 
tional distillation ; from a fraction boiling between 128 ® and 
134^, Ladenburg and Lange (Annalen, 1888, 247, 7) isolated 
a-picoline by means of the compound with mercuric chloride 
and decomposition of this with caustic potash. 

Picoline has been synthesised by several methods, the 
action of aldehyde on aldehyde-ammonia may be mentioned 
specially (Diirkopf and Schlaugk, Ber,, 1888, 21, 297). 

CH3CH (OH) (NH2) + aCH3CHO = QH, (CH,) N + 3 H ,0 

Specific gravity, 0.9652 (o V4 Ladenburg and Lange) ; 
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O. 0 i 6 i (oV 4 ^ Thorpe, coefficient of expansion also given, 
Trans, Chem, Soc., iS8o, 57, 223). 

Boiling point, 129^ (Ladenburg and Lange); 133.5® 
(Thorpe); 129.5® (Garrett and Smyth). 

]Most of the salts are easily soluble (picratCj needles, 
moderately soluble in water, m. p. 165 ®, Ladenburg and 
Lange) and the base combines with alkyl halides. 

The reactivity of the methyl group in 2-picoline Is im- 
portant. By heating picoline with methylal and some zinc 
chloride to 280 ® — 290 ®, Ladenburg obtained dipicolylmethane 
(Ber., 1888, 21, 3100). 

2 C,H, (CH.) N 4 - CH. (OCH,)o = 2 CH3OH + CH. 

{;ch,c.qh,n), 

"W'ith 2-p2Coline and paraldehyde at 250 — 260®, the re- 
action followed a different course resulting in the formation 
of 2 -allylpyridine (Ladenburg, Amialen, 1888, 2^7^ 26). 
CH.CHO + CH3 . C^H.N = H^O + CEL, - CH : CH • QH,N 

The simplest explanation is to suppose that an aldehyde 
first condenses to form an alcohol base (alkine), 

R • CHO + CH3 . C3H,N = R • CHOH - CH. ‘ QH.N 
and that the hydroxyl group then reacts either with a second 
molecule of 2-picoline or else is eliminated as water with 
formation of an ethylenic linkage. In this case one might 
expect that picoline under suitable conditions would react 
with formaldehyde to give 2-hydroxyethylpyridine (Mono- 
methylol-picoline). 

H . CHO + QH, (CH3) N = C3H, (CH3 . CH3OH) 

Ladenburg obtained this and other alkine bases (loc. ciL, 
and R^r., 1889, 22, 2584; Alexander, Ber,, 1890, 25, 2715; La- 
denburg and Adam, Ber., 1891, 24, 1671 ; Ladenburg, Annalen, 
1898, joj, 124) ; the reaction was also examined by Konigs 
and Happe (Ber., 1902,35^ 1344) who found that when 2-pi- 
coline was heated with 40 per cent formaldehyde solution, a 
small amount of dimethylolpicoline, [CH (CH^OH) J N, 

was formed in addition to the monomethylol compound. 
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(Methyl in position 4 also reacts with formaldehyde, Konigs 
proved this in the case of 4-methyl-2-ethylpyridine. Ber., 1902. 

1349.) Further results were obtained by A. Lipp and 
J. Richard Ber., 1904, 57, 737). 

Although this behaviour of 2-picoline has not been utilised 
for the production of dyestuffs, the substanc has been 
condensed with phthalic anhydride to give pyrophthalone, 
a product possessing weak tinctorial properties. It will be 
seen later that 2-methylquinoline derivatives react in a similar 
way with formaldeihyde and that in this case the reaction 
is of great value, since it leads to the production of the 
'‘carbocyanines"^ substances used as sensitisers for the photo- 
graphic plate. (Reference is made to pyrophthalone in 
dealing with quinophthalone, the corresponding compound 
from quinaldine and phthalic anhydride.) 

The other methylpyridines and higher homologues are 
not of interest with regard to dyestuff formation and will 
not be discussed here. 


Pyridiones 

The tautomerism of the hydroxypyridines was first 
elucidated in the 4- or y-series. Lieben and Flaitinger 
(Momtsh.j 188$, 6, ^00) obtained 4-pyridone (m. p. 148.5^ 
when anhydrous) by heating chelidamic acid, and found that 
it gave a methyl derivative when treated with methyl iodide 
and caustic potash or silver oxide. The substance so obtained 
formed a crystalline, very deliquescent mass, and was not 
altered by heating with concentrated hydriodic acid to 150®- 
When however, 4-chloropyridine was heated to 100® with 
sodium methoxide, an isomeric compound was obtained, this 
was a liquid of b. p. 190.5 — 1191*^/738*3 mm. It had an alkaline 
reaction and on heating with hydriodic acid to loo^^ yielded 
methyl iodide and 4-pyridone. The chloropyridine from which 
the methoxypyridine was obtained resulted from 4-pyridone 
by the action of an excess of phosphorus trichloride at 150^. 
The following scheme shows the relationship of the four 
compounds. 
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HCj 

HO 


Ach 

Jen 

C-OH 


NH N 

hcAch pet hcAch 
HcUcH HCVCH 
CO c-ci 

^KOHand jNaOCH, 


NCH, 

hcAch 

hcAch 

CO 


at 220 ^ 

<— 


N 

HC ACH 
HC V/CH 
C-OCH^ 


2 - Hydroxy pyridine or 2 -Pyridone results when carbon 
dioxide is eliminated from hydroxyquinolinic acid (Konigs 
and co-workers, 1883, 2160 ; 1884,17^590; 1886, ip, 

2433); 6-hydroxynicotinic acid (von Pechmann and Welsh, 
Ber., 1884, 17, 2391); and 2-hydroxy-3-nicotinic acid or a- 
isocinchomeronic acid (Weidel and Strache, Monatsh., 1886, 
y,2()T). Von Pechmann and Baltzer 1891, 24^ 3144) 

obtained 2-pyridone in fair amount from malic acid. When 
the latter is heated with sulphuric acid, the elements of formic 
acid are removed and it may be assumed that the half-alde- 
hyde of malonic acid is formed as an intermediate product. 
Two molecules then condense giving coumalic acid which is 
converted into the methyl ester and transformed into hy- 
droxy nicotinic acid by the action of ammonia. By distilling 
the hydroxynicotinic acid, 2-pyridone (m. p. 107®, b. p. 
280 — ^281 °) is obtained. * 


COOH 

I 

CHa 

\ro 


CHa-COOH 

I 

CHOH-COOH 

A 

CH 


= H20 + C02 + 


CH,.COBH 

CHO 


CO CH 


+ =2H,0 + 

CHa • COOH CH 

XH 

NH NH 

coAch , coAch 
chVc-cooh nhVch 

CH CH 


eXOOH 

/ 


The hydriodides of methyl and ethyl pyridones were 
obtained by the direct action of methyl and ethyl iodides; 
the free bases boiled at 240 ® and 246 — 248 ® respectively. 
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If, however, 2-pyriclone was dissolved in dilute caustic 
soda and precipitated by addition of silver nitrate, the re- 
sulting silverl compoundi gave alkyloxypyridines on, treatment 
with alkyl iodides. The formation of 2-methoxypyridine was 
accompanied by that of methylpyridone, but in the case of 
ethoxypyridine (b. p. 155 — 156^) the yield was nearly theo- 
retical. 

The proved tautomerism of 2-pyridone and 2-hydroxy- 
pyridine is of considerable theoretical interest. Lieben and 
Haitinger {Monatsh., 1883,^,339; 1885,(5,325) found that 4- 
pyridone and 4-hydroxypyridine were one and the same sub- 
stance though giving rise to two sets of derivatives. To 
account for this tautomerism, they assumed that the rela- 
tionship between the pyridone and' hydroxypyridine structures 
was to be represented by the two formulae, 


HC( 

HC 


NH 
(CH 
'CH 
O 


N 

and HC^CH 
HCV/CH 
COH 


A similar argument applied to the case of 2-pyridone 
would necessitate the tautomeric structures. 


NH 

HcAco 

HCi^yCH 

CH 


and 


N 

HC/SC • OH 

hcv/ch 

CH 


Now just as 4-pyridone gives 4-chloropyridine, so does 
2-pyridone give 2-chloropyridine (von! Pechmann and Baltzer, 
loc. cit., 3150), and as there is only one pyridine, it would 
have to possess the two constitutions 


N N 



Von Pechmann interpreted the results as an argument 
in favour of a centric formula which had already been ad- 
vocated by Bamberger. 

Decker had found that quinoline methiodide when 
treated with alkali readily ^ves N-methylquinolone, espe- 
cially if potassium ferricyanide be added as an oxidising 
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agent. Extending his work to the pyridine series, he found 
that when solutions of pyridine alkyl (methyl or ethyl) iodides 
were treated with alkali and a ferricyanide, the correspond- 
ing N-alkyl-2-pyridones, identical with the products obtained 
by von Pechmann and Baltzer were formed {Ber., 1892, 25, 

444 )* ! 

Many discrepant statements concerning the supposed 
alkyl-pyridinium (and -quinolinium) hydroxides must evidently 
be refered to the formation of pyridones (and quinolones), 
which had not been isolated in a state of purity. 


Dytstuff^ from Pyridine 


Pyrophfhalone is dealt with under the head of Qtuno- 
phthalone. 

Bosol Scarlet and Rosol Red 
Bayer & Co. introduced certain dyestuffs under these 
names; they are obtained from pyridine but the ring is no 
longer intact, and the colour must be connected with a long 
chain of conjugated double lingkages. 

Vongerichten 1899, 2571) obtained 2 :4-dinitro- 

phenylpyridinium chloride whilst working out a quantitative 
test by which o. i per cent of pyridine might be detected in 
aqueous or alcoholic solution. The method consists in treat- 
ing an alcoholic solution of chlorodinitrobenzene with the 
liquid to be tested for pyridine, warming gentl}?-, shaking and 
adding caustic soda ; presence of pyridine is shown by a red- 
dish-violet coloration. 


When i-chloro-2: 4-dinitrobenzene is dissolved in an 
excess of pyridine and the solution allowed toi stand, dinitro- 
phenylpyridinium chloride separates in the course of 12 hours 
as a white crystalline mass which may be recrystallised from 
methyl alcohol (long, flat prisms) or glacial acetic acid (con- 
centrically grouped needles). The salt, 



which is readily soluble in water and alcohol, was analysed 
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as well as the auri- and platini-chlorides ; its aqueous solu- 
tion, when treated with moist silver oxide, gave a red crystal- 
line precipitate (no alkaline reaction), soluble in caustic soda 
with reddish violet colour. Sbdium carbonate gave a brown 
precipitate which gradually turned scarlet and crystalline; 
the analysis pointed to the formula 

[QH,N-QH3(N0,)J,0. 

On boiling with hydrochloric acid, the precipitate went gra- 
dually into solution, dinitrophenylp)Tidiriium chloride being 
regenerated. 

Gail (Dissertation, Marburg, 1899) had also examined 
the reaction between chlorodinitrobenzene and pyridine ; his 
analysis of the red substance obtained by the subsequent 
action of alkali agreed with the hydroxide formula, 

[C3H3N-CeH3(N03)JOH 

This was confirmed by Spiegel (Ber., 1899, 32, 2835) who 
suggested a constitution 

QH,N— 0>NO, 


to explain the difference of properties from those of the 
expected ammonium salt. 

Zincke (Annalen, igo4, 330^ 361) examined dinitrophenyk 
pyridinium chloride and its transformation products at length ; 
the red crystalline hydroxide appears to be the pseudo-base. 


HcUcH +NaOH— 
CH 


N-C,H,(NO,X 

HC|ACH-0H 

HCV/CH 

CH 


, N.CeH^fNO,), 

HC/ iCHO , M.ri 

HC^UcH 

CH 


since it dissolves in alkali hydroxides and only slowly regene- 
rates dinitrophenylpyridinium salts when treated with acids. 
This change is nearly quantitative when an acetic acid solu- 
tion of hydrogen chloride is employed, but if treatment with 
aqueous hydrochloric acid is resorted to, dinitroaniline is 
eliminated, presumably with formation of a dialdehyde (II) 
which could not be isolated. This raises the question as to 


2* 


20 


SYNTSEHG GOLOTJRINO MATTERS 


whether the red substance really contains the six-membered 
ring intact, but, as suggested in the above equation, is not 
rather to be given an alternative open-chain formula (I) 

I. QH3(N0.)2-N : CH-CH : CH- CH^-CHO. 

II. CHO-CHrCH-CH^-CHO. 

III. QH,N : CH-CH : CH- CH : CH‘ 

Although the dialdehyde (II) was not isolated, the cor- 
responding dianilide (III) was obtained by the action of 
aniline on the red substance or on the dinitrophenylpyridinium 
chloride, dinitraniline being eliminated. 

HN . QH,(NO,), Cl . N • CeHsCNO,), 

Hq/ ,CHO HC|AcH 

HCVtH HclyCH 


+ 2C«H5-NH, 


CH 


CH 


= C,H,(N 03 ) 2 (NH 2 ) + H,0 or HC1 + 


HC 

II 

HC 


/ 






CH.'N.QH, 

I 

.CH 


CH^ 


The free dianilide crystallises in orange yellow leaflets, 
its hydrochloride in red needles : when the latter is heated, 
aniline is eliminated and phenylpyridinium chloride is formed. 


NH-CeH, 
HC/ jCH : NCgHs. 
HCVCH 
CH 


CbN-C.Hs 

HC1_^^^^ , HC^CH 

— CeHeNHad- 

CH 


An anilin ophenylhy dr aside, 

CeH/NO,),N-: CH-CH : CH^CH : CH-N^H^CeH^, 
crystallising in shining black needles is obtained either from 
the pyridinium salt or the red compound by the action of 
phenylhydrazine. 

Although the aldehyde-alcohol or dialdehyde 
HO'CH:CH*CH:CH-CHO or CHO-CH^-CH: CH-CHO 
was not isolated, a monochloro-substitution derivative had 
been prepared some years previously. Hantzsch (JBer,, 1889, 
22 , 1238) had obtained an acid, CeHgO^Cl, by the decompo- 
sition of phenol by chlorine; this on elimination of carbon 
dioxide gave a compound, C5H5O2CI, thought at the time to 
be a monochlorodiketopentamethylene, 



PYRIDINE AND ITS HOMOLOGUES 


21 


CO 

ch,Aco 

ch,LJchci 

From the latter compound, Ince {Ber,, 1890, 23, 1478) ob- 
tained coloured anilides and toluidides, and Zincke (Annalen, 
1905, jjp, 193) showed that it is to' be represented by the open 
chain formula, 

HO-CH : CC1--CH : CH’-'CHO, 

i. e, it is the monochloro-substitutioni derivative of the hypo- 
thetical aldehyde-alcohol referred to previously. 

In preparing! the anilides, it is not necessary to isolate 
the compound, C5H5O2CI, but it is sufficient to treat the 
sodium salt, QH^O^ClNa, directly with a solution of aniline in 
hydrochloric acid when the dye separates as its hydrochloride, 
CcHgNH • CH : CH • CH : CCl • CH : N QH,), HCl. 

This forms dark red leaflets, m. p. 128 — 129®, and is 
converted into phenylchloropyridinium chloride on boiling 
with hydrochloric acid. The dianilide gives! rise to an oxirne, 
yellow needles, m. p. 152^, 

CeH^NH-CH : CCl-CH : CH-CH : NOH, 
and numerous other derivatives were prepared. 

About the time of the appearance of Zincke's earlier 
paper, W. Konig (/. pr. Chem., 1904, ii, ( 5 p^ 105) published 
results concerning the addition of cyanogen bromide to pyri- 
dine. If these two substances are mixed in ethereal solution 
and a primary amine is added, a dyestuff is precipitated 
whilst cyanamide remains in the solution. The reaction was 
interpreted by the following equation, in which it is seen 
that an addition product (pyridinium salt) is assumed to be 
first formed ; this then reacts with the amine, the nitrogen 
of the pyridine being split off with the cyanogen. 

It will be observed that the reaction is really very 
similar to Zfneke's, cyanogen taking the place of the dinitro- 
phenyl radicle. 


•Nil* 
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Shortly afterwards, Konig (/. pr. Chem., 1904, ii, 19) 
admitted the possibility of an open chain formula. In the 
earlier paper it was shown that some of the dyestuffs crystal- 
lised in apparently very different forms from different sol- 
vents ; at the time it was suggested that this might be due to 
stereoisomerism. In the later paper, desmotropy was looked 
on as a more probable cause, especially in view of the 
fluorescence of the dyestuffs. The two forms were written as 


CH;CH-CH:NR 
I and 


CH:CH-CH-NHR 


CH :CH • NH,RX CH:CH • NHRX 
the first formula corresponding with that of Zincke. 

Konig examined the behaviour of several dyestuffs which 
crystallised well from acetic acid and alcohol. Animal fibres 
took the dyes, vegetable fibres to a limited extent; fastness 
to washing was not good. The cyanobromide was caused 
to react with the following amines-, aniline, m-xylidine, a- 
ciimidine, a- and ^-naphthylamines, ^-phenetidine, p-amino- 
phenol, aminoazobenzene, methylaniline and sodium sul- 
phanilate. 

Zincke and Wiirker (Anmlen, 1905, 541, 365) subse- 
quently examined the action of aliphatic amines on dinitro- 
phenylpyridinium chloride, obtaining in the first instance 
amorphous substances the hydrochlorides of which were red 
in colour ; dinitraniline was not eliminated. If the treatment 
were prolonged, dinitraniline and a quaternery pyridinium 
salti were produced. 

CeH3(N02)2N:CH-CH:CH*CH:CH-NBAlk, HCl 

CH-CH:CH 


QH3(N0,),(NH,) + II i 

CH-CH:N-AlkCl 


With excess of dimethylamine or piperidine, two mole- 
cules of the base entered into reaction and dinitraniline was 
eliminated, compounds of the structures 

(CH,)2N-CH : CH*CH : CH-CH : NCCH^XCl 
QH.^N.CH: CH^CH: CH-CH: NQHi.Cl 
being produced. 

Reference may also be made to a further paper by 
Zincke and Schreyer 1907,555, 380). 
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Besides clilorodinitrobenzene and cyanogen bromide, a 
number, of other compound's have been found capable of pro- 
ducing the same rupture of the pyridine ring, e. g. picryl 
chloride, i : 3--dichloro-4 : 6-dinitrobenzene, diaryloxalimino 
chlorides, benzanilideimide chloride, carbodiphenylimide, 
phosgene, phosphorus oxytrichloride, phosphorus penta- 
chloride but not phosphorus trichloride (Reitzenstein, J. pr. 
Chem., 1908, II, ^571 Bayer & Co., D. R. P. ;2i8904; 
Reitzenstein and Breuning, J.pr^Chem., 1911, n, 8 $, 97; 
Konig and Bayer iloid., 325). In several cases, isolation of 
the intermediate addition product has not been attained, but 
the fact that subsequent treatment with an amine gives a 
diarylamide of the general type 

R‘NH.CPI : CH-CH : CH • CH : NR 


can only' be taken as proof that the reaction follows the same 
general course. 

The production of certain of the dyestuffs obtained by 
these reactions was protected by patent (D. R. P. 155 782), 
most of the earlier colours proved of very little technical value 
as they lacked fastness to light ; possibly some of them might 
find application as! photographic sensitisers (Kieser, Zeitschr. 
f. wissenscK Phot,^ 1905, III, 15). 

Bayer & Co. (D. R. P. 218904/1908) afterwards found 
that if the primary or secondary bases hitherto used were 
replaced by cyclic secondary bases of the type of dihydro- 
indole or phenmorpholine 


NH 


NH 



the resulting dyestuffs were of value. Konig (/, pr. Chem., 
1904, ii, 70, 56) had already noticed that the substitution of bf 
tetrahydroquinoldne for secondary open chain amines resul- 
ted in the formation of a dye thes shade of which was redder 
than that of the dyes obtained from open chain secondary 
amines. The scarlet shade was however on the yellow side 
and the colour was only sparingly soluble. But using a-me- 
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thyldihydroindole in place of the isomeric tetrahydroquino- 
line, a dyestuff is obtained which is sufficiently soluble for 
convenient use; the shades dyed by it on tannined cotton 
resemble those given by Rhodamine 5 G, but are superior 
in clearness, intensity and fastness. Strong fluorescence is 
observed when dyed on silk or artificial silk. 

Soon afterwards (Bayer & Co., D.R. P. 218616), it was 
found that very similar results were obtained by attaching 
the dihydroindole group at only one end of the open chain, 
some other secondary amine (e. g. methylaniline) residue 
being attached! tol the other end. The formation of such com- 
pounds is rendered possible by the fact that when the dyes 
from pyridine and secondary bases are treated with alkalies, 
they lose one molecule of secondary amine and give rise to 
substituted amino-aldehydes. Thus Zincke (Annalen, 1905, 

127) found that the dyestuff from methylaniline and 
pyridine gives an aldehyde (m. p. 79®), in accordance with 
the equation, 

(CeHs) (CH3) N . CH : CH • CH : CH • CH : N (CH3) (CeH,) Cl 
+ NaOH = NaCl + NH (CH3) (C.U,) + (C^H^) (CH^) N 
•CH:CH-CH:CH.CHO 

This may now be condensed with a cyclic secondary amine, 
e. g. methyldihydroindole, with formation of an asymme- 
trically substituted dyestuff, 

CH.'CTT, 

I “ I 

(QHJ (CH3)N • CH:CH • CH:CH • CHO + HCl, NH - CJI, 

Cl CHo-CH.. 

" 1 ' 

= H,0 + (CeHg) (CHs) N • CH :CH • CH : CH . CH : N -- Cell, 

When the pyridine dye prepared from methylaniline is 
treated with an excess of aniline, the reaction expressed by 
the following equation takes place, 

(CeH^) (CH3) N . CH : CH • CH : CH • CH : N (CH3) (CeH,) Cl 
+2C6H5NH2=CeH5NH.CH:CH.CH:CH.CH:NH-(C6H5)Cl 
+ 2CeH5‘NH.CH8 

In this case, Zincke was unable to effect the reverse change. 
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The reaction appears to be fairly general; Bayer & Co. (D. 
E., P. 216991) state that the reversal may be effected at a 
higher temperature in the presence of sodium acetate, and 
further, that the replacement of one amine by another may 
be entire or only partial. Thus by acting on a dye of type (I) 
with a base NHRR', one may possibly obtain the dyestuff 
(II) as well as the compound (III). (X = Halogen.) 

L NHR-CH:CH-CH:CH*CH:NHRX 
II. NHR*CH:CH-CH:CH*CH:NHR'X 
III. NRR' • CH : CH • CH : CH - CH : NRR'X 

The colour of the dyestuffs of thisi class has attracted the 
particular attention of Konig (Verh. Ges, deut. Naturforsch, u. 
Arste, 1912, II [i], 221 ; Konig and Becker, J. pr, Cheni.,igi 2 , 
II, <?5, 353). Bayer and Co. draw attention in their patents 
to the way in which the colour is altered by the use of cyclic 
in place of open chain secondary amines. Konig points out 
that the yellow or orange dyes of the methylaniline type, 
show only general absorption,^) whilst the dyes from cyclic 
secondary amines, which are reddish-orange to violet in colour, 
show well marked absorption bands. In the case of the 
dyestuffs from cyclic amines with a five-membered ring, the 
central band is resolved into two on dilution, this does not 
happen with compounds derived from amines with a six- 
membered ring. Konig considers this distinction to be 
specific. 

Whilst cyclic secondary amines in place of methylaniline 
condition the formation of redder dyes than are formed wdien 
the open chain base is nsed, the colour is sent more in the 
green direction if, in the case of open chain bases, the side 
chain is lengthened by saturated alkyl groups, or, an ortho- 
substituent is introduced into the benzene ring. 

Konig utilises Kaufmann’s h3^pothesis involving sub- 
sidiary valencies, one or other of the following formulae 
being assigned to the dyestuffs : 

i) An examination of the ultra-violet spectrum would be of 
interest. 
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Ais the subsidiary valency (dotted line) is rendered 
stronger, so the colour is shifted towards the red. 


Patent Literature 

The reactions described have formed the subject matter 
of several patents. 

Konig (D. R. P. 155782/1903) protected the preparation 
of dyestuffs made by the action of cyanogen halides in pre- 
sence of pyridine on primary and secondary amines and their 
derivatives (/. pr. Chem., 1904, n, dp, 105). In the seven 
examples given in his patent, cyanogen bromide is allowed 
to react with pyridine and (i) aniline, (n)| monomethylaniline, 
(m) />-aminophenol, (rv) sulphanilic acid, (v) 2-nap hthyiamine, 
(vi) benzidine and (vn) aminoazobenzene respectively. 

The production of the same substances using i-chloro- 
2 : 4-dimtrobenzene had already been described by Vonge- 
richten (p. 18) ; novelty was however introduced when the 
primary bases previously used were replaced by secondary 
cyclic bases, and patents were obtained for the production of 
new dyestuffs from pyridine and methyldihydroindoie or 
methylphenmorpholine, chlorodinitrobenzene being used as 
opener of the pyridine ring. (Brit. PP. 20367, 21 585, 21 911/ 
1908; D. R. P. 218*904/1908; Fr. P. 395793/1908; W. Konig, 
assignor to Bayer & Co., U. S. PP. 913 513, 913 514/1909.) 

In the compounds of D. R. P. 218 904, the residue of the 
same secondary base is attached to both ends of the open 
chain. 

Example i. 28.15 kilos of 2 :4-dinitrophenylpyridimum 
chloride are heated on the water-bath for four hours under 
reflux with 60 kilos of ethyl or methyl alcohol and 26.6 kilos 
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of methyldihydroindole (Jackson, Ber,, 1881, 14, 883). On 
pouring the deep crimson solution into very dilute hydro- 
chloric acid, ai thick red paste containing dyestuff and dinitro- 
aniliiie separates, this is collected, extracted with hot water 
and the solution precipitated by the addition of hydrochloric 
acid or sodium chloride. After drying, the material consists 
of microscopic needles with a brownish-red, blue or green 
surface lustre, very easily soluble in alcohol or glacial acetic 
acid and also readily soluble in hot water. The shades ob- 
tained with the dye are very similar to those given with 
Rhodamine 6 G, but are clearer and faster to light. The same 
dyestuff is obtained when the addition products of picryl 
chloride or of i : 3-dichloro-4 : 6-dinitrobenzene with pyridine 
are allowed to react with methyldihydroindole, and it may 
also be obtained by using the aldehyde (pseudo-base) prepared 
by Zincke, 

QH3 (NO,)^ • N : CH • CH : CH * CH : CHOH 

or an addition product of pyridine with a cyanogen halide. 

Example 2. 8 kilos of pyridine, 60 litres of methyl al- 
cohol and 29.8 kilos of methylphenmorpholine (D. R. P. 
97242) are mixed and 50 kilos of 2N solution of cyanogen 
bromide allowed to flow in in the course of half an hour. 
The mixture becomes warm and} soon turns red. After some 
two hours at ordinary temperature, it is stirred and enough 
dilute hydrochloric acid added to give a thick paste whilst 
the supernatant liquid is only feebly coloured. The paste is 
filtered off and dried either at ordinary temperature or in 
vacuo at 100^, violet-brown microscopic needles possessing 
a blue lustre being obtained. The dyestuff is readily soluble 
in alcohol, glacial acetic acid and hot water, and dyes tan- 
nined cotton a bright red of yellower shade than that given 
by the dyestuff obtained according to Example i. Various 
modifications are mentioned in the patent, such as the use 
of different solvents, aqueous solutions of cyanogen halide, 
and 3- and 4-substituted pyridines. 

As previously stated, dyestuffs of the class now con- 
sidered can be prepared in which the residues at the ends of 
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the chain are derived from different secondary amines. In 
D. R. P. 218616 (8. 3. 1908) methods are described for pre- 
paring such compounds, and* it is remarked that the formulae 


Ar .QH, 

I. ).N-CH;CH-CH:CH-CH:N<( 


Aik 


I XH(CH,) 
X 


’>CH, 


and 11. 


CH, N 

\ / 
CH(CHJ 


•CH:CH-CH:CH-CH:N(Ar)(Alk) 


X 


represent different substances which produce different shades 
in dyeing. One might have expected the formulae to be 
tautomeric and that in any case, solutions of the two forms 
would contain identical positive ions. 

In preparing compounds of type I, an aldehyde possess- 
ing the structure 

(Ar) (Aik) N • CH : CH ‘ CH : CH ‘ CHO 
is condensed with a cyclic secondary base ; for compounds of 
type II,* an aldehyde of the general formula 
R' 

R— N • CH : CH • CH : CH • CHO 
isi condensed with a secondary amine NH (Ar) (Aik). 

Example i. 1.8 kilos of the aldehyde 

(C^HJ (CH3) N • CH : CH . CH : CH . CHO 
(Zincke, Annalen, 1905, 35^, 127) are heated for about four 
hours under: reflux on the water-bath with 5 litres of alcohol, 
2 litres of 30 per cent acetic acid and 1.33 kilos of a-methyl- 
dihydroindole until no further increase in the red colour is 
observed. The alcohol is then distilled off and the residue 
poured into an aqueous solution of hydrogen and sodium 
chlorides. The thick paste of needles is filtered off and dried. 
The dyestuff gives a clear scarlet (blue shade) on tannined 
cotton, fast to washing and light. 

Modifications are mentioned ; thus the reaction may take 
place in the cold, a longer time being occupied, also the 
oxime or the phenylhydrazone may be used in place of the 
aldehyde. 
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Example 2. 2.13 kilos of the aldehyde (m. p. 126.5^) 
obtained by the action of alkalies on the condensation pro- 
duct of pyridine and methyldihydroindole and possessing the 
constitution 

CH, • CH ‘ CH3 

I I 

CeH^ • N • CH : CH • CH : CH • CHO 


are digested for some hours on the wather-bath with 5 litres of 
alcohol,^ I litre of 60 per cent acetic acid and 1.33 kilos of tetra- 
hydroquinoline. The product is worked up as in the last 
example ; the dyestuff gives a clear scarlet on tannined cotton. 

The use of the aldehyde 


OSS-CH. 

N-CH:CH-CH:CH-CHO 


derived from methylphenmorpholine (m. p. 150®) is also re- 
ferred to. 

The replacement of the residue of one base by another 
is illustrated by three examples in D. R. P. 216991/8. 3. 1908. 

Example i. 4.5 kilos of the dyestuff from pyridinium 
cyanobromide and sulphanilic acid (D. R. P. 155 782, Ex. 4) 
are boiled for ten hours under reflux with i .2 kilos of 50 per 
cent acetic acid, 2.7 kilos of methyldihydroindole' and 15 litres 
of alcohol. When the reaction is finished, the sulphanilic acid 
is filtered off and the hot filtrate stirred into water containing 
hydrochloric acid and common salt, the dyestuff separating 
as a thick red paste which dries to a mass with a green 
metallic lustre. Various other reacting substances are men- 
tioned. 

Example 2. 4 kilos/ of the yellow pyridine dyestuff from 
methylaniline (D. R. P. 155782, Ex. 2), 1.4 kilos of tetra- 
hydroquinoline, 1.8 kilos of 20 per cent hydrochloric acid 
and 1 5 litres of alcohol! are heated under reflux on the water- 
bath until the reaction is finished {dye trial), thisd^es about 
5 hours. The alcohol is then distilled off, and the dyestuff 
precipitated as microscopic red needles by pouring the re- 
sidue into ani aqueous solution of hydrochlbiio acid and salt. 

I7(i7 
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The dye gives orange shades on tannined cotton, the colour 
is said to be fast. 

If the quantities are compared, it will be found that 
slightly over one molecule of tetrahydroquinoline is used for 
one molecule of the dyestuff from methylaniline and pyridine, 
presumably the compound obtained has the constitution 
(QHs)(CH,)N.CH:CH.CH:CH-CH:N:QHi^ 

Cl 

Example 3. 4.85 kilos of the dyestuff (m. p. 157®) from 
pyridine cyanobromide and 2 : 4-dichioroaniiine, 3 kilos of 
imethylphenmorpholine and 10 litres of alcohol are boiled for 
several hours and the product worked up as in Example 2. 

Other Dyestuffs from Pyriiilne 

Reitzenstein and Breuning obtained a patent (D. R. P. 
230597/1909) for the production of red basic dyestuffs by 
allowing chlorine to act on pyridine in presence of a sub- 
stance to further the reaction, e. g. zinc chloride, with or 
without an organic diluent, and then treating the mass with 
amino compounds. The patent was allowed to lapse in April 
1911. 

Pyridine has been used in conjunction with certain an- 
thraquinone derivatives for the production of basic dyestuffs. 
Bayer & Co. (D. R. P. 290984/1914) find that i-chloracetyl- 
aminoanthraquinone adds on pyridine and that further con- 
densation then takes place. 

Example i. i part of i-chloracetylaminoanthraquinone 
is boiled with 20 parts of pyridine until the quantity of the 
pale yellow pyridinium compound shows no further increase. 
The substance dissolves easily in water and dyes tannined 
cotton yellow. The formation takes place apparently accor- 
ding to the scheme 

CO CO CO 

-f-QH,N=(^Y^ =H,0-|- 

•CO-CH,Cl ^"COI 

QHjN— CH,NH C,H 

h Yo 
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That this interpretation is correct is evident from the 
fact: that Example 2 describes the production of a yellow dye 
from chloro-N-methylanthrapyridone (D. R. P. 264 010) 


CO CO 



identical with that obtained according to Example 3 from 
pyridine and chloracetyl-^N-methylaminoanthraquinone. 

Examples 4 and 5 deal with the condensation of i-a- 
bromobutyryl-4-ben2oylaminoanthraquinone and of i-chlor- 
acetylamina(-4-benzoyIaininoanthraquinone respectively with 
pyridine. 

In Example 6 the chain is lengthened, i-aminoanthra- 
quinone is converted into the p-nitrohenzoyl derivative, this 
is reduced to the corresponding amino-compound, ana-chlor- 
acetyl group is introduced and the* resulting substance united 
with pyridine. The dyestuff has the constitution 

CO NH • CO • * NH • CO*- CH, • NCgH, 

ocp 

Tannined cotton and unmordanted wool are dyed a yellow 
(green shade) fast to chlorine and light. 1 

In Example 7, trimethylamine takes the place of pyridine. 

The properties of a number of related dyestuffs are 
tabulated, the shade being considerably altered in some cases. 
Thus i“Chloracetylamino-4-aminoanthraquinone and pyridine 
give a dyestuff producing a violet red on tannined cotton, 
whilst a blue dye is formed when sym-4 : 4 ^-dichloracetylamino- 
I : I -dianthraquinonylamine is condensed with! pyridine. 


32 


SYNTHETIC COLOURING MATTERS 


Chapter II 

QUINOLINE, ITS HOMOLOGUES AND DERIVATIA' ES 

Syntheses of the Quinoline Ring 

The Quinoline nucleus occurs ready formed in several 
alkaloids, notably those derived from the various species of 
Cinchona. It is consequently found, together with homolo- 
gous compounds, amongst the products of the distillation of 
quinine, (Gerhardt, Annalen, 1^42,42, 2^0), cinchonine and 
strychnine (Gerhardt, Anna! en, 1^42, 44, 2^6) with caustic 
potash (See also Williams, Jakresb. 1856, 533). It is also found 
in coal tar (Hofmann, Annalen, 1843, -^7;, 76; O* Fischer, Ber., 
1883, J<5, 720; Jacobsen and Reamer, ibid., 1084). brown coal 
tar (Dobner, Ber., 1895, 106), and in Stuppfett, the oily 

product formed in the distillation of Idrian mercury ore 
(Goldschmidt Schmidt, Monatsh., 1881, 2, 17). 

The following important syntheses of compounds con- 
taining the Quinoline ring may be mentioned. 

I . - Quinoline is produced by passing the vapour of 
allylaniline over heated lead oxide (Konigs, Ber., 1879, 12, 

453)- i 

2. -It is also formed by the dry distillation of acrolein- 
aniline. 

3. -Instead of acrolein-aniline, it is more convenient; to 
heat aniline (38 parts) with glycerine (120 parts), concentrated 
sulphuric acid (100 parts) and nitrobenzene (24 parts) (Skraup, 
Monatsli. 1880, i, 317; 1881, 2, 141; Konigs, Ber., 1880, 15, 
911; Dobner and Miller, Ber., 1881, 14, 2816). 

QH,NH, + C3H3O3 = QH,N -f 3 H ,0 + 2 H 
QH,NO, + C3H3O3 = C^H.N 3 H ,0 -f 2 O 
or 2QH,NH, + QH,NO,-f 3 C3H303 = 3QH,N + II H ,0 
Various modifications of this reaction have been devised (See 
page 38). ■ 

The above reactions show that quinoline contains a 
benzene ring; that it also contains a pyridine ring is evident 
from the fact that when oxidised it yields quinolinic (pyridine- 
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2 : 3-dicarboxylic) acid which gives nicotinic (pyridine-3-carb- 
oxylic) acid smoothly when heated. These reactions are 
only consistent with the following scheme 

0 ' ^ 00 ^ HOOcO HOOcO 

4. Homologues of quinoline (quinaldines are produced 
by the condensation of aldehydes containing the groupings 
R-CH..CHO and R-CH:CH-CHO with aniline. Thus 
vquinaldine proper (2>-methylquinoline) is formed by gradually 
adding 80 parts of paraldehyde to a cooled mixture of 40 parts 
of aniline, 45 parts nitrobenzene and 100 parts of concentrated 
sulphuric acid (Dobner and Miller, Ber., 1881, 14, 2814). 



+ 


OCH-Ch, 
OCH— CH3 


H2O + 2H + 


N 

|C-CH3 
‘CH 
CH 


The same compound is also formed when aniline is con- 
densed with aldol in presence of hydrochloric acid (Dobner 
and Miller, 1883, 1(5,2465) and when aniline is heated 
with crotonaldehyde,- nitrobenzene and sulphuric acid (Skraup, 
1882, 15,897). The corresponding reaction with cin- 
namaldehyde yields phenylquinoline 



+ 


CHR 

II 

OCH-CH 


:H,0+2H + 



•In the reaction with paraldehyde, the equation has been 
written as if condensation occurred between aniline and two 
molecules of acetaldehyde; we may correspondingly bring 
aniline into reaction with one molecule each of an aldehyde 
and a ketone (C.j Beyer, /. pr. Chem., 1888, n, 38, 422). 

H . CHO + CR, ‘ CO ‘ CH 3 = CH, : CH • CO • CH^ + H,0 



CH, 

fl 

CO— CH 



=^H,0 + 2H + 



Hcwitt, Synthetic 


3 
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5. Acetylacetone and other /S-diketones condense with 
aniline in presence of concentrated sulphuric acid to give 
homologues of quinoline (Combes, Bull, soc, chim., 1888, 

89). 

M C . r T"T 

QH,NH, + CH3-C0-CH,.C0-CH, = QH/ I ’ 

^C(CH3) : C 

6. Ortho-amino-aldehydes and* ketones can be condensed 

with aldehydes and ketones cantaining the group ■ CHg • CO. 
Thus o-aminobenzaldehyde and acetaldehyde suffer alkaline 
condensation to quinoline (Friedlandeer and Gohring, Ber,, 
1883, 1883). 


Anh, 

\yCHO 


CKO 

+ I = 2H,o 4- 

CH3 


N 



CH 


whilst a mixture of 0- and /)-aminoacetophenones gives 
flavaniline on heating with zinc chloride to 90® (O. Fischer, 
Ber., 1886, jp, 1038) 


Anh, 

VCOCH, 


CO— A/NH^ 

+ I ^ ^2H,0 + 

CH3 


N 

c-<3nh, 

CH 
C-CH, 



The production of the same compound by heating ace- 
tanilide with zinc chloride at 250® to 270® (O. Fischer and 
Rudolph, Ber,, 1882, 75, 1500) is to be attributed to wandering 
of the acetyl group from the nitrogen atom' into the nucleus 
and subsequent condensation of the aminoacetophenones thus 
produced. Partial isomerisation explains the formation of 
flavaniline from o-amino-acetophenone (Besthorn and O. 
Fischer, Ber,, 1883, id, 73). 

7. • 2-Hydroxyquinoline is tautomeric with carbostyril, 
the lactam resulting from the reduction of o-nitrocinnamic 
acid with ammonium sulphide (Chiozza, Annalen, 1852, 
83, 1 18) or ferrous sulphate and baryta (Tiemann and Opper- 
mann, Ber,, 1880, 13, 2070). 



\ 


Och:ch.cooh + “-««-° + 
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I* or the preparation of carbostyril, the ethyl ester is more 
siiitrible than o-nitrc^cinnamic acid itself (Friedlander and 
C >stermaier, Ber„ 1888, 14, 1916). 

CoiTiparison of the absorption spectra of the two isomeric 
inrlliyl ileri-vatives 

N N-CH, 

OOSi 

CH CH 

Methylcarbostyril Methylpseudocarbostyril 

with that of carbostyril, point to a lactam constitution for 
tlia latter substance (Hartley and Dobbie, Trans, Chem. Soc,j 
iSgc), 75^ 643). This result agrees with the conclusion arrived 
at by Knorr on chemical grounds (Annalen, 1896, 81). 

Vpy treatment with phosphorus pentachloride and phos- 
phory! chloride, carbostyril gives 2-chloro~quinoline, which 
may ]>e reduced to quinoline by heating with a solution of 
hydrioflic acid in glacial acetic acid to’ 240 ^ 

8. Similar ring formation takes place when o-nitro- 
|i!ieiiylpropionicacid (Glaser and Buchanan, f. Chem,, 

164) or its ethyl ester (Friedlander and Weinberg, Ber,, 
1 882, 15, ^[4^3) is reduced. 

NH 

-- - . r Wo 


k^CH,CHjCOOH 


+ 6H = 3H,0 + 


CO^S. 

CH, 


9. Quinoline is formed from o-toluidine and glyoxal by 
alkaline condensation (Kulisch, Monatsh., 1894, 15, 276; 
11 insberg-, Annalen, 1904, 337^, 327). 

CH 

JO. 2 : 3-Dihydroxyquinoline is obtained together with 
the isomeric indole-2-carboxylic acid by fusing oxotoluidic 
acid witht sodium ethoxide (Madelung, Ber., igi2, 43, 3$24). 

NH / N 

O NH • CO • COOH ^ ' A^COH 

CHo ’ 



to I V’NyCOH 


\ CH 
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QNn.c:o.coo„„,,,_„^Q;;;r.ooa 

n. o.Acclannnobenzaldehydt* and /^.nitrolHrnzyl cyanide 
arc condensed l)y sodium ethoxide to a coni|>onnd» wliicli, 
wlien treated with caustic soda, fjfives 2 acctannno-3 /^-iiitro- 
phenylquiiioHne (Ihschorr, Her., j?i. 1289), 


0^ 


NH-CO-CIb , NO, 


'Clio 


-8 j 

^ CN 


I IJ) ■ 


NH -CO-Cib 
/ CS 

(x;n,No, 


• 0 .^ 

(if 


0 


N 

('. NH-C(><Cli, 

vA.:.c;ib*Nc), 

CH 


The mii^Tation of the acetyl group is noteworthy. 

ik-sidcs these syntlieses from benzene Bul)Stit.uted wdtii 
open cliains, .several reactions have been discoverc^l whereby 
indole <lcrivatives may be converted into quinoline conw 
pounds. 

12. A small amount of (piinoline is formed when 2 -nie 
thylindole is heated with zinc chloride (E. Fischer and 
Stadeb Ber., 1887^20,819). l^ictet obtained a 17 Vo yield by 
passing the vapour of 2 »methylindoIe througli a tiil>e heated 
to <hill redness {Her., 1905, j<V, 1946). 

13. Chloroform reacts with 2:3-ciiniet!iylindole to form 
2: 3--dimethyl»2“(lichlonnneihyliiKU>leniiu% Init at tlie same 
time 3‘*chlorO"2 : 4«dimethyIquinc>Hne is produced (Plancher 
and Carrasco, Aiti R. Accad. Lincei., [v]» i 4 , 162). 

Nfl N 

^€CI 
CCH, 

This may be compared with the production of chloro- 
pyridine from pyrrole and chloroform, 

14. -Nitrons acid converts 2-cyano-2:3-iiihydroindoie- 
2-carb<>xylamidc into 2.hydroxy<jninoline-3-carboxylanufU‘ 
(G. Heller and P. Wunderlich, Her., 1914,47, iGty), 


Y'-ch, . 

'C.CH 


■ a IICI + 






ONH, + iINO, -- ir,0 -f N, + 


N 

Q/^,C * 01 


OH 

IMH, 
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15. -All rxira I'aiinfu atnni aia\ hr infM thr 

isaiiii fillip' Ijv tlu* arli«ai ni »h;i/nrnrtha!ir ; a : 3 diln dr* 
<|ni!ioli!ii‘ i- tliii'N {A. Hrllrr. /ha-,. f». Jjik 

SH Sll . K 







i i ) 
i 1 ? 

til 


r ■ i > 
■raiil 
i'ii 


(jtiiiirdiiie uri'iirx nnum^A'^t t!ir hii^lirr huiluiif Ixi uf 
i'i:.,ial tur, liy wasiiirii^ thr oils with i;au>tir atid 
add in siicccssifni, plitiinls and \m^k snhxtain'rH art’ 
lively rxlnuierl. ITie xe|iaratk»n uf pure <|iunohiir iriun 
a€Cf:uii|Kiuyiu|4: ciaal lar f-^a'>e.s h a matter of ianrsidrraliie ilif^ 
ficiilty and i'an-iiiat he efteeti’d l>y dixt ilkitieni airme ; it in e,r»ri- 
se{.|ueiilly more eunveiiiem. !** prepare the fane xyiitfirtieaily, 
vvlien. a-'^ f<4‘ most |mr|.>M>r ■, fref'dtun from htimolciiptex ix 
e'^.seii! ial. 

Ill, tile tiri| 4 inal s\ii!ln'Hi-i tine to Nkranp i M tiHiifxh,, 
/, 3 I 7 ), a iiiiKtiire of ^*4 4 p’ain> t»f nil rtthtm^.eiifa pram- of 
aiiiliiica 120 fif i^lyeeriiir and i»wt pram--’^ of eoneemraled 

siilpliiirie aeit! are heated to||rtheie Hie heating to fie 
carried out very carefully at first, otherwise the rvtunhm is 
triri violriil ; hutVm^^ is tlirii rontiniirfl for some imurN under 
reflux. After liiliitii.iii, excess of niiroheii/rne is reimtved iii 
a ciirreiil of ■stiniiii. ihr riiixliire is i.Iien rendered alkaline 
and the i|iiiiiediiir fihnvii over* the disfilLife -Heparaf iiii 4 ' iiiPi 
tivo layt-Ts. 1 lie resiiliifii^ ijiiintdine iismillv roiitatiis soine 
aniline. lArr |:iiiriliriilif}|i the tiase luay hr dissolved iti six 
parts of alcolu.ll am! firecipilat-ed as fiir acid siil|tiia,fe by itir 
addition <d one iiif:#leriiiar iiroporlioii of sulplniric arid. 

Allrriialively ifie may he treated rarrfntly in 

acid soliiniiii wifii eiiroiiiic add, aiiihiir hrinii’ thii^ destrojed ; 
fir, aiiiliiie in acid solution may be dias^otisrd and I tie 
niiiiii c##iiijioiiiifi flrroftiposeil hy healings. In any tile 

ac.ic! itiliiticiii is mlmeiiimntty reiideretl alkalirif and tile base 
blown over in a riirrcnl of Hteaim it fiiiaily fiiirilied liy 
4islillati0ti... 
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For working on a larger scale, the following |>rocedure 
is described (loiedliincler, 1888, I, 174). A mixture of 
6cx) parts of glycerine (28*^ Be), 60a parts of concentrated 
sulphuric acid, 144 parts of nitrol>en 7 <ene am! 216 parts of 
aniline arc heated for one day to 125‘B the teniperatnrc is 
then raised to 180 — 200^* to complete the reaction. To avoid 
trouble from the violence of the reaction (usually initiated by 
local overheating) the mixture is continuously stirred. The 
product is then worked up as in the case of small (fnantities, 
any aniline being removed by means of cliromate or nitrite. Tlie 
yield is said' to l)e 70 per cent, i )n account of |>revioiis puldi- 
cation, Skraup was only able to <)htain a patent in America 
U. S. P. 241 738/^^81). 

Tlie function of nitroljcnzene in Skraup's syntliesis of 
({uinolinc should f>e considered, lire equation for tlie for 
mat ion of quinoline from aniline and glycerine 

CJlrr NH, + CJhiimh + 3 ILO + 2 H 
shows a surplus of hytfrogen which ought to he eliiniiuited. 
With nitrobenzene there is a surplus of oxygen as seen from 
the equation 

QH.NC), + C,H,((mh -- 3 H/') + 2O 

Skrau|>'s metliod of compensating tlie hydrogen from the 
aniline condensation by using it for reducing nitrobenxeiKq 
which should tlius give more aniline for the condensation, is 
quite rational in its object. At tlie same time, it is somewhat 
doubtfoul whether the nitrobenzene really does more 
than furnish the necessary oxygen, i, e. it is not apparent 
that tile nitrobenzene molecules tfiemselves acliially give rise 
to molecules of quinoline. From 38 grams of aniline and 
24 grams of nitrobenzene about 40 grams of <|iiinoline arc* 
obtained; if the whole of the aniline were quantitatively 
transformed into quinoline, the yield should be 52.7 grams. 

.ft would appear then, that the nitro-groups simply furiiiili 
a convenient source of oxygen to get rid of excess of hy- 
drogen which tvoiiki convert quinoline into reduction pro^ 
ducts and so diminish the yield. Evidence of this is seen in 
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the case of nitro-conipotinds which do not correspond with 
the amiiio-coiTipaunds in the conversion of the latter into 
quinoline derivatives. 

Thus in the preparation of quinoline -6-sulphonic acid 
from g"lycerine, sulphuric acid and sulphanilic acid, the prac- 
tically inaccessible ^-nitrobenzene sulphonic acid was replaced 
by nitrobenzene (Happ, Ber., 1884, 17, 192) ; whilst in the pre- 
paration of 7-nitroquinoline from metanitraniline, Claus and 
Stiebel . employed picric acid in place of metadinitrobenzene 
{Ber., 1887, 2C, 3095). 

A mild inorganic oxidising agent in place of an org-anic 
nitro-compound should offer advantages, providing it were 
cheap and gave water-soluble products. 

On account of the possible violence of the reaction, it 
is advisable to use a 2-litre flask when 38 grams of aniline 
are brought to reaction according to Skraup’s original pro- 
cess. J. Walter found that twice the quantity could be worked 
in a flask of 800 c. c. by modifpng the method (/. pr. Chem., 
1894, n, 49, 549)^ The flask is provided’ with a reflux con- 
denser and a dropping funnel from which the mixture of 
aniline, glycerine and sulphuric acid is added in the course of 
three-quarters of an hour to the heated nitrobenzene con- 
tained in the flask. 

Margosches {Jour, pr. Chem,j 1904,0, 70, 129) stated that 
the yield in Skraup's synthesis is increased by the presence 
of salts of copper and iron. The condensation takes place 
in absence of nitrobenzene if the oxides dr sulphates of the 
rare elements obtained from commercial cerium oxalate are 
added, but the yield is not as good as when nitrobenzene is 
present- 

Referen.ee has been made above to the possibility of 
using inorganic oxidising agents in place of nitrobenzene. 
Knuppel 18^,27,704) employed arsenic add for the 

purpose; 76 grams of this add, 140 grams of concentrated 
sulphuric add, 155 grams of glycerine and 30 grams of 
aniline being slowly keated under reflux until the beginning 
of the reaction. When this has subsided, gentle boiling is 
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roiitiiHiiHl for 2'*/^ lunirs, tin* iif ilw «|yirp' 4 iiir is ilifu 

effi*€ti‘c,l ill Iht* iiianiHT pri^viaiisly tic^cribc'iL Act’iirfiiiig’ to 
Kiiiippd'H |iri!t*nl (IX R. i*. H7 334 / iK<i 4I, 50 grams i.*i aiiiliiie, 
76 graiiLH of ar.si‘iiic acici uihI 150 graiiin iji are 

heafecl ill an open pmi to 170-* with 150 grams ui suliiluiric 
acid Be. 

Aeciinliiig to Kinippel, the iiielh<*il has a 
tage iiver Skrfiii|>A prawss in ifie ease of laiiivrrting ;i!tiliiie 
to «|iiinoliiH% whilst eoiisicierahly Urtirr yi«*hls «4 siihsiniilefl 
C|iiino!iiH‘s are ithlaiiuHi when th#^ lasn'ess is ;:i|i|'ilietl 1*1 ii« 
toliiiilinr, th-, m-. and t nit rainlines m ari*l f diiineiliyl.. 
lili riiyU’JH'iliaiiiinc'-. /♦ laiuiiH- ;nitl // TIh’ 

reaciioii c;!!! nhii lie um'>I for lia* prt’iiarafiuii »ii ;»!i?ariiu blue 

Sl.'tnnii* ci>inj»>nuiil» may aSiJ in* iitnl, ilm* J,< * f*“. rJciice 
(i hi-m.Nnvs, HjJIK, lin*l» ttet aiilivtlfuis-i aniliiu; 

*it{iimic!)!und«% (C H,SnCI,, may !«• in place 

tif tin* mistfiire ol aniliuf ami nilr<ib«n?»ii«', U’*'t'H!ly 

{Vhmn. Neti'x, U)\%}, t i^iU he lias ajiplieil ihr to 

the tlirec tohhiliiifs; with tin* nifla i'inupitiiml tin* yu*l>l was 
«m!y as"/,, with para ItiitiiiUni’ as hiKii as 7»»V.c 

'riu; iisi* of iiiorgiiiiii* ositlising a^viiis in fin* sviithedi* 
of quiiiolim* is also slrscrilifd hy f-/ rlr Itarry Itarned (t’htm. 
News, pjati, tJi, ao5t. In tbisi cas** caii*im*»t f«'rric oitnh' wa# 
iiseil, witieh fornnnl frrric stiiphaU; with the sulphuric achl. 
With approximately rtjihnioleciibr t|n.Yittiiie» ol anihm* awl 
glyccrinr alKiut .p> to 50 p»*r rent of the theorelical yiehl wa* 
attaineil. Increaxe in the tpiantity of giyeerinr {Skranp and 
Kthippel both MSP a great excess) did not materially improve 
the yield ; it» lowme** »« probably attrilniliHl to de*trtn*fhm of 
the aniline rather than of glycerine, for the cinirse of the 
reaction wa# practically unaltered by the additittn of tmric 
acid. 

By rapidly adding a mixture of ^ grams of aniline, f»| 
grain* of glycerine and too grama of ferric oxnle to 150 c. c. 
of aulphuric acid heated in an often di*b, allowing the reaction 
to proceed for Iwlf-an-hour awl working up the pr^iduct, a 
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6oV<j yield of quinoline was obtained Barnett subsequently 
raised the point as to whether it might not be possible to 
design a process in which oxygen under pressure 'woiild be 
employed together with ferric oxide or stannic sulphate as 
a catalytic agent. 

Phy,sical Properties of Quinoline 

Density; i.ro8i/o% 1.0947/20 ^ 1.0699/50® (Skratip). 
1. 1055/0 ^ 1.0965/11.5® (Oechsner). M.P. — 19.5® (Altschul 
and von Schneider ; Pictet). B.P. 237.1 V746.8 (Skraup). 240.4 
— 241.3 ®/75o (Kretschy). 104.8 V9.2, 113.3^/15.88, 118.2/ 
20.18, 132.0^/40.54, 238V760 (Kahlbanm). 

Molecular Heat of Formation, — 32.8 Cal; Molecular 
Heat of Combustion; v = c, 1122.3 CaL; p = c, 1123.0 Cal. 
(Delepine, Comfit, rend,, 1898, 126, 964). 

Magnetic Rotation, Perkin (Trans. Chem, Soc., 1896, dp, 
II 15) Absorption Spectrum, Hartley {Trans. Chem. Sc 
14, 47), Purvis {ibid,, 1910, P7, 1035) extended the obser- 
vations giving results for liquid and vapour as well as solu- 
tions of pyridine. Dielectric Constant, Dewar and Fleming 
(Proc. Roy. Soc., 1897, A, di, 358). 

Salts. Very many have been described. The hydro- 
chloride, GgH^N, HCl, in. p. 93 — 94®, is very soluble in water, 
in fact, deliquescent ; it is soluble in alt proportions in chloro- 
form and absolute alcohol, and is soluble in warm ether and 
benzene. The double salts with metallic chlorides are gene- 
rally sparingly soluble. 

The acid si^lphate, C9H7N, H2SO4, m. p. 163.5 — 164.5 % 
requires 50 parts o^ absolute alcohol at 18 ® and 9 at 78 ® for 
solution. 

The picrate, C^H^N, CgHsO^N^, m. p. 203 % separates 
from benzene in bright yellow needles. 

Bmetions of Quinoline 

Quinoline is hygroscopic, and if allowed to stand over 
water under a bell jar, takes up an amount said to correspond 
with the formula C^HyN -f (Hoogewerf and van 
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Dorp, Rec, trav. chim., 1882, i, 9). Statements as to the oc-- 
eurence of such definite hydrates must be taken with caution ; 
it is better to look on the liquid as a saturated solution of 
water in quinoline, for when very gently heated, it becomes 
turbid, i. e. the solubility of water in quinoline diminishes 
with rise in temperature. 

By passing quinoline through a hot tube 3-diquinolyl is 
formed (Zimmermann and Muller, Ber., 1884, 17, 1965 ; O. W. 
Fischer, Monatsh,, 1884, 5, 423). 

Hoogewerf and van Dorp found that quinoline is at- 
tacked with difficulty by chromic acid mixture, Oechsner de 
Coninck (Compt. rend., 1898, reS, 682), found it was attacked, 
at any rate more readily than pyridine. The former authors 
(Rec.trav.chim.,i8&2, 1,107) obtained ammonia, carbon di- 
oxide, quinolinic and oxalic acids by oxidising with per- 
manganate in alkaline solutions; this is confirmed by Go- 
lenkin and Klepikoff (LRuss.Chem.Soc., 1892,2-2,535) who 
obtained no other crystalline acid on oxidising synthetic qui- 
noline ; the best yield of quinolinic ack! was 28 per cent of 
the quinoline employed. 

Bleaching powder solution both chlorinates and oxi- 
dises, chlorocarbostyril, QH^ONCl, being formed; chlorine 
led into a dilute acetic acid solution of quinoline produces 
trichlorohydroxycarbostyril 

The reaction between bleaching powder and quinoline 
was effected by Einhorn and Lauch {Anmlen, 1888,2^5,343) 
who added a 20 per cent solution of the former to a very 
dilute aqueous solution of the latter in which boric acid haci 
been dissolved. The product thus obtained contained chlorine 
attached to nitrogen and was readly transformed into carb- 
ostyril by a variety of agents, on boiling with alcohol, the 
chlorine migrated to the para-positlon in the benzene half of 
the nucleus. 
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Heated with, sodium, 2-diquinolyl is formed ; but when a 
hydroxylic solvent is present, the quinoline is reduced giving 
tetrahydroquinoline. This reduction has been effected by zinc 
or tin; and hydrochloric acid (Wyschnegradsky, Ber., 1879, 12, 
1481 ; 1880, X 2400) ; by sodium amalgam (Konigs, Ber,, 
1881,14,100) ; or by sodium (Weidel and Glaser, Monatsh,, 
1886, 7, 328). 

Tetrahydroquinoline is also formed when quinoline is 
heated with hydrogen under pressure in presence of nickel 
oxide, but if the reaction is carried to completion (quinoline 
and one-tenth of its weight of nickel oxide for 12 to 20 
hours at ixo atmospheres and 240^), practically the only 
product is decahydroquinoline (Ipatiew, Ber,, igo8, 41, gg2). 
By passing quinoline vapour and hydrogen through a tube 
containing reduced nickel at 260 — ^280®, Padoa and Cartighi 
obtained 2»methylindole, methyl-o-toluidine and o-toluidine. 
{Atti R. Accad. Lincei, 1906, [v], 15, 11, 113). 

With bromine, quinoline gives a direct addition product, 
QH7NBr4, but on substitution, bromine enters the pyridine 
half of the quinoline nucleus, (La Coste, Claus and Colli- 
schonn. See especially Decker, /. pr. C/tm., 1892, n, 45, 47; 
and Claus, ibid., 222). As previously noted, chlorine behaves 
as an oxidising* as well as a chlorinating agent in the presence 
of water (See Claus, L pr. Chem., 1893, ii, 4^, X35). Quino- 
lines, halogenated in the benzene nucleus, may be obtained by 
the application of Skraup's reaction to the halogenated ani- 
lines, or by replacement of amino-groubs in amino-quinolines 
using Sandmeyer^s method. 

Nitric and sulphuric acids attack the benzene half of the 
nucleus, A mixture of the two acids gives 5- (ana) and 8- 
(ortho) nitroquinolines (Konigs, Ber,. 1879, 449 5 Claus and 

Cramer, Ber., 1885, 18, 1245; Nolting and Trautmann, Bet., 
3654 ; Dufton, Trans. Chem. Soc., 1891, 59, 756 ; 1892, 

■61^782}. 

6- and /-Nitroquinolines are obtained by application of 
Skraup'a synthesis to p-nitraniline (La Coste, Bm, 1883, 16, 

and w-nitraniline (Claus and Stiebel, 1887, 20, 3095) 
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respectively. The production o£ dinitroquinolines from quino- 
line or its mononitro-derivatives is, described by Claus (Ber., 
1885, 18, 1243; /. pr. Chem.j 1896, 198); Kaufman 11 and 

Decker 1906, 3648) ; and Kaufmami and Hitssy 

(Ber., 1908, 41, 1735). 

Aminoquinolines are obtained by reduction of the iiitro- 
quinolines. 

The course followed on sulphonation depends on the 
strength of the acid used and on the temperature at which 
the reaction is carried out. O. Fischer and Bedall (Ber., 1882, 
1 5, 683, 1979) obtained a mixture of 5- and 8-quinoiine-sui- 
phonic acids. 

Riemerschmied (Ber., 16, y2i) found the propor- 
tioiTj of the 5-acid was small at temperatures below 250 but 
it increased at 270®. La Coste and Valeur (Ber., 1887. 20, 95) 
used 3V^ parts of fuming sulphuric acid, heating for one hour 
to 170^ ; in place of the separation by means of mercuric 
oxide which they employed, lime or baryta is more con- 
venient (Claus, /. pr. Chem., 1888, ii, 37, 260), the calcium salt 
of the 8-acid crystallising out! first. 

The meta- or 6-quinoline sulphonic acid was obtained 
by Claus (loc. cid., 261) by sulphonating quinoline witli an 
acid| of 10 to 20 per cent anhydride content at a- temperature 
not above 125 — 130*^. 

Para or 6-quinoline sulphonic acid is obtained fromi 
sulphanilic acid, nitrobenzene, glycerine and sulphuric acid 
(Happ, Ber., 1884, 17, 192). 

With sulphur dichloride at 160*^ mono- and tri-chloro- 
quinoline are formed as well as a thio-substituted compound 
of the probable structure 

C,H,N((|>C,H,N 

(Edinger, Ber., 1896,^^,2456; /. pr. Chem., 1896, n, 5^, 340, 
355; Eer., 1897, JO, 2418). 

Quinoline like pyridine, in virtue of its tertiary nitrogen 
atom, forms addition products with alkyli magnesium halides 
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(B- Ocldo, Atti R, Accad. Lincei, 1904, [v], 13, ii, 100; 1907, 
[v]) 16, 538; Sachs and Sachs, Ber., 1904, 57, 3088). 


QiiinoUniiim Compomids and Quinolones 

As a tertiary base, quinoline unites with an equimole- 
cular proportion of an alkyl iodide or sulphate, thus Williams 
obtained quinoline methiodide or methylquinolinium iodide, 
C9H7N • CH3I by the action of methyl iodide on quinoline 
(Jahresb,, 1856, 534). 

The corresponding quaternary ammonium hydroxide is 
not known in a solid condition ; apparently its ions exist in 
solution but unite to form a carbinol base which passes 
into i-methyl-s-quinolone (N-methylcarbofstyril) either by 
oxidation or decomposition. The changes involved may be 
represented by the following scheme. 


CH3.N 


0“ + OH- 

CH 


CH,N OH 

. AAc\H 

V\/CH 

CH CH 


CH„.N 
^^^CO 


this view of quinolone formatiofa reists CKn the following 
evidence. 

When moist silver oxide acts on aqueous quinoline me- 
thiodide, a strongly alkaline liquid is obtained: La Coste 
noticed that the solution was unstable, and further observed 
that caustic soda, added to a solution of the methiodide, 
produced a flocculent precipitate which dissolved easily in 
alcohol, and especially so in ether; to this compound he 
assigned the composition of a methylquinolinium oxide, 
(C0H7N • CH3)20 (Ber., 1882, 15, 192). La Coste’s preparation 
melted to a reddish brown resin below 50®; Ostermayer 
(Ber., 1885, 18, 594) obtained a substance to which he assigned 
the same formula, but it crystallised in largej shining prisms, 
was soluble in ether and melted at 72 — ^75 

Decker discovered that solutions of (substituted) alkyl- 
quinolinium salts give quinolones on treatment with alkali 
and a ferricyanide ( 7 . pr. Chem., 1892, n, 45, 161). 
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N{CH3l):CH 

QH,(NO,)< i +3KOH +2K3Fe(CN)e 

\CH = CH 
N(CH3)-C0 

= CeH3(NO,)< I + 2K,Fe(CN)e + KI + 2H,0 

XH==CH 

andi his. attention was drawn (Ber., 1892, 25, 443) to the nearly 
identical melting points recorded by Ostermayer for the base 
from quinoline methiodide and alkali, and by Friedlander and 
Muller {Ber., 1887, 20, 2009) for methylpseudocarbostyril 
(72^) obtained' by the action of methyl iodide and caustic 
soda on carbostyril. 

NH-CO ^NCCHJ.CO 

QH/ I +CHJ 4 -NaOH==ILO-hNaI + CeH,< | 

YH:C 0 “ YH — CH 

A supposed bromoquinolinium base described by La 
Coste had already proved to be the corresponding quinolone, 
and Decker now showed that methylquinoliniuni salts behave 
in the same way towards alkaline ferricyanide as thel bromo- 
and nitro-substituted alkylqtiinolinium salts he used in his 
first experiments, and was thus able to isolate methylquino- 
lone of m. p. 72^. Evidently this was the compound which 
Ostermayer had obtained, his analytical data must, as the 
result of Decker’s work, be rejected. 

This is in accordance with the scheme given above re- 
presenting the formation of methylquinolone by the oxidation 
of a carbinol base, Decker seems to have rather doubted the 
accuracy of La Coste’s observation as to the primary for- 
mation of a strongly basic quaternary hydroxide. 

That methylquinolinium and hydroxyl ions can exist 
side by side in the same solution follows from the work of 
Hantzsch and Kalb (Ber., 1899, ^2, 3109) on pseudoammonium 
bases. By shaking up a solution of methylquinolinium iodide 
with the exact quantity of silver oxide necessary to remove 
the whole of the iodine, an alkaline solution was obtained 
which, on determining its electric conductivity, gave == 
207.5. Practically the same result, iu^2 — 2 og, was obtained 
when a solution was prepared by mixing equivalent solutions 
of methylquinolinium sulphate and caustic baryta. 
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The gradual combination of the quinolinium, and hy- 
droxyl ions to form a non-electrolyte was shown by mixing 
equivalent solutions of methylquinoliniuni. iodide, and caustic 
soda and determining the value of iU 52/25^ at intervals. 

Time in minutes o' lo' 30' 60' 2hrs, 3hrs. iqhrs. 

Conductivity 299,4 299,1 293 290 282,5 281,8 242 

As the conductivity falls, so the precipitate described by La 
Coste increases in quantity. Hantzsch and Kalb analysed the 
material thrown out from solution after washing it thoroughly 
and drying to constant weight; the figures obtained agreed 
excellently with the formula given by La Coste. 

But whilst La Coste, in accordance with the views held 
at the time, considered the wSubstance to be an ammonium 
oxide, Hantzsch and Kalb regarded it as the ether of the 
carbinol pseudo-base * 


CH, 

1 


CH, 

1 

t 

N- 

0 

1 

N 

|A/Sch 



k/x/CH 


\J\Jcu 

CH 

2 

CH 


La Coste Hantzsch and Kalb. 


We shall see below that both conceptions are wrong, 
the precipitate is really a mixture of methylquinolone and a 
reduced methylquinoline. 

Decker admitted {Ber,, 1902, 55, ,2588, 2589) that the car- 
binol base may be first produced, in fact he was the first to 
use carbinol formulae for the bases obtained from the qua- 
ternary quinolinium salts. In certain cases the carbinol 
bases have been definitely isolated ; thus a pseudo-base 
CioHjjOgNgBr, is obtained by precipitating solutions of i- 
methyl-5-nitro-3-bromoquinolinium salts with ammonia. When 
dried, this carbinol forms beautiful, glittering, yellow needles, 
it is evidently a chemical individual and not aj mixture (/. pr, 
Chem., 1892,11,^5, 178). Decker confirmed these results at a 
later date (Ber.^ 1903, 36, 1205) and showed that the corres- 
ponding methyl-nitro-chloroquinolinium salts behave in a per- 
fectly similar manner. 


48 


SYNTHETIG OOLOVBING MATTERS 


These true carbinol bases on solution in acids regenerate 
the quinolinium salts from which they are obtained; when 
warmed with alcohols they give alkyl ethers, whilst oxidising 
agents readily convert them into quinolones. The relation- 
ships exhibited by these various negatively substituted com- 
pounds appear to be quite clear; on mixing solution of such 
quinolinium salts with dilute' alkalies, the quinolinium and 
hydroxyl ions unite with the direct formation of the carbinol. 
This change and the subsequent transformations of the car- 
binol may be expressed by the scheme 


CH3N* , oh'^^3-N 

/^CH AAcHOH 

KyK/ca 4 :^ K/\/ca 

NOjCH ^ “ NO,CH 


+ 0 


CHj-N 

I 


\/CCl 
N02CH 
CFL-N 


+ C,H,OH 


For the precipitate produced by adding, alkali to a solu- 
tion of methylquinolinium iodide, both La Coste and Hantzsch 
and Kalb undoubtedly obtained analytical figures agreeing 
with the formula of an ether rather than with that of a car- 
binol. La Coste described the precipitate as flocculent ; 
Hantzsch and Kalb adduced microcrystalline structure as 
further evidence of individuality, Decker (loc. cit,, 1208) found 
that whilst the precipitate appeared to be microcrystalline 
on casual inspection, no trace of crystals could be detected 
under the microscope, but merely small oily dropsj which had 
solidified to: a brittle resin. Examination under polarised light 
also failed to reveal any trace of crystalline structure, whilst 
on digestion with N/20 hydrochloric acid, resinous particles 
were Jeft undissolved and only 12 per cent o£ the acid neces- 
sary for re-formation of a quinolinium salt from carbinol or 
ether base was used. 


On ultimate analysis, figures agreeing with the formula 
(C9H7N CHjj) 20 were obtained, similar results having already 
been obtained by La Coste and Hantzsch and Kalb. But 
C20H20ON2 is also the sum of CioH^jN and CioHgON, so that 
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there is a possibility of the precipitate being a mixture of 
methyldihydroquinoline and methylquinolone with only a 
small amount of carbinol base present. By addition of four 
molecular proportions of N/2 caustic soda to methylquino- 
linium iodide and treatment with a current of steam, a dis- 
tillate was obtained which after addition of 5 per cent sodium 
carbonate solution gave up methylquinolone and a base to 
benzene when shaken with this solvent, from the aqueous 
layer, methylquinolinium picrate (m. p. 169.5) was isolated. 

The base dissolved by the benzene was taken to be 
methyldihydroquinoline; its picrate, which melted at 144 or 
145°, was subsequently identified as that of methyltetrahydro- 
quinoline (Kairoline), a base obtained some years earlier by 
Hofmann and Konigs (Ber., 1883, 73^; 1885, J<?, 595. 

Ladenburg gives the melting point of kairoline picrate as 
125 ^ Ber,, 1895, 28,1172). 

From this it appears that methylquinolinium hydroxide 
is largely transformed in accordance with the equation 
3QH,N(CH3) (OH) 

= QHioN • CH3 + 2 C0H3ON - CH3 + H3O 
(Quite possibly the first change of the methylquinolinium 
hydroxide is into, a mixture of methylquinolone and methyl- 
dihydroquinoline, the former is the lactam of methylamino- 
cinnamic acid, the latter the internal anhydride of methyl- 
aminocinnamyl alcohoL Such a transformation is reminiscent 
of the Cannizzaro reaction ; in such a case it would be neces- 
sary to assume the subsequent formation of methylquino- 
linium hydroxide and methyltetrahydroquinoline from the 
dihydro-compound i 

2 C^H.N (CH3) (OH) = C.H^ON • CH^ + C^HsN • CH3 
2 C,H3NCH3 -f H3O = C^H^N (CH3) (OH) + C.H.oN • CH^ 

Author.) 

Before leaving the subject of the pseudo-bases derived 
from quaternary cyclic ammonium salts, reference should be 
made to Roser's views (Annalen,iSg2, 272, 225). After stu- 
dying cotarnine, the conclusion was reached that the pseudo- 

Hewitt, Sy»tib.eiak 
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bases were ortho-amino substituted op'''* 
simple quinoline derivatives would tluis i>e rei.re>euted in tli 
following manner 

•R X 

K \ 1 k 

rY 

K/- i’li 

cu 

This view cannot be upheld aecfjrdifig to i Irckrr. ini :i- b** 
points out (Bcr., t<) 02 , and l*a!r>' v*rr!‘ «i!df 

to decompose the pseudo-bases from inetliylaeridiiiintii irfilnb’ 
(methylacridol) into inethyldihvalrcjacricliiie anil meflivlai'r 
done, of which compounds the former may l>e volalili'-rd i?) 
a current of steam (Her., 1902,55,2536). 

In this particular case, opening of the heterocytdic ritii.: 
is very improbable. 

An interesting reaction of t!ie quinolones was rlisrovered 
by O. Fischer (Ber., 1898, jr,6cK)). When methyl-- or rlhyl 
quinolone is heated with a mixture of phosjihonis oxy 
chloride and pentachloride, alkyl chloride is rliriiimilerl are! 
2-chloroquinoline produced - 
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A similar reaction is observed with the a-pyricloncs (he. 
cit. and 1899, J2, 1298): i-methyl-2-pyri(lone (giving 2- 
chloropyridine. y-Pyridones behave differently, melbylacri 
done heated with phosphorus oxychloride and pentachloride 
to 120 — 130® for some time yielding methykhloroacridinimn 
chloride. In consequence, Fischer would represent alkylacri 
donedi with a cross linked oxygen atom. 
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Nitro- and Amino- Quinolines 

Of the very numerous substitution derivatives of quino- 
line, comparatively few have been practically employed for 
the synthesis of dyestuffs, and generally these have been homo- 
logues. Mills and Pope (Phot. Journ., 1920, 60, 183) have pre- 
pared acetamino- and amino-derivatives of isocyanine dyes, 
employing quinplinium salts prepared by the addition of alkyl 
iodides to acetamino-substitutedi quinoline and quinaldine ; of 
these compounds some appear to possess useful properties. 
It is further quite possible^ that amino-quinolines may be used 
for other dyestuff syntheses, references to their literature as 
well as to that of the nitro-compounds from which they are 
obtained by reduction are therefore given below. It is only 
those compounds in which the amino-group is situated in the 
benzene half of the nucleus which are likely to have technical 
application. 

^-Nitroquinoline. Obtained with 8-nitroquinoline by 
direct nitration of quinoline. M. P. 72 Claus and Cramer. 
Ber.y 1885, 18, 1243; Nolting and Trautmann, Ber,, 1890, 
^5,3654; Dufton, Trans. Chem. Soc., 1891, 5p, 756; 1892, di, 
782 ; Claus and Setzer, /. fr. Chem., 1896, n, 53, 390. 

6-Nitroquinoline. From />-nitraniline by the Skraup reac- 
tion. M. P. 149 — 150®. La Coste, Ber., 1883, 16, 669 ; Kniip- 
pel, Ber., 1896, 705, 

y-Nitroquinoline.. From w-nitraniline. Claus and Stie- 
bel, Ber.^ 1887, ^0^ 3^95 Claus and Massau, /. pr. Chem., 1893, 
u, 48, 170; Kniippel, Ber., 1896, 29, 706. 

S-Nitroquinoline. By nitration of quinoline or by applying 
Skraup ’s reaction to o-nitraniline. M. P. 88 — 89®. Konigs, 
Ber., 1879, 449 1 La Coste, Ber., 1883, 673 ; Claus and 

Kiittner, Ber.^ 1886, Jp, 2887 ; Friedlander, Jahresh., 1882, 367 ; 
Dufton, Trans. Chem. Soc., 1891,59,756; 1892,(57,782; Qaus 
and Setzer, /. pr. Chem., 1896,11, 53, 390; Kniippel, Ber., iSg6, 
^P.705. 

$-Ammoquinolme. M. P. iio^ B. P. 310^. Dufton, Trans. 
Chem. S oc., 1892, 61, 785 ; Claus and Setzer j /. pr. Chem., 
1896, n, 53, 390; Acetyl derivative. M. P^io3/^. 


4 ^ 
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6-Aminoquinoline. M. P. 140® (La. C), 109® (K), 114^ 
(C. and S.). La Caste, Ber., 1883, 16, 670 ; Ziegler, Ber., 1888, 
21, 863; Claus and Schnell, J. pr. Chem., ii, 1895, 55, 106; 
Kniippel, Amialen, iSSg, 310,751 Decker, /. pr. Chem., 1911, 
II, 84, 425. Acetyl derivative. M. P. 138 

y-Aminoquinoline. M. P. 94^. Claus and Stiebel, Ber., 
1887, 20, 3096 ; Claus: and Massau, /. pr. Chem., 1893,11,45, 
170; F, M. Hamer, Trans. Chem. Soc., 1921, up, 1436. 

8-Aminoquinoline. M. P. 70 Konigs., Ber., 1879, ^2, 
450; Bedall and Fischer, Ber., 1881, 14, 2573; Claus and Cra- 
mer, Ber., 1885, 18, 1245; Claus and Setzer, J. pr. Chem., 1896, 
n, 390. Acetyl derivative. M. P. 178®. 

Methyl Derivatives of Quinoline 

Of the homologues of quinoline employed in the manu- 
facture of sensitising dyestuffs, distinction must be made 
between those which are substituted in the benzene and pyri- 
dine halves of the nucleus. The cyanines and isocyanines are 
obtained when homologues of quinolines are treated with 
an alkyl iodide, sulphate or ^-toluenesulphonate and the re- 
sulting quinolinium compound boiled with alkali in alcoholic 
solution, two quinoline residues are thus united by means of 
a “grouping’" carbon atom. This grouping atom is, attached 
to the quinoline nuclei either in the 2- or 4-position ; it is thus 
essential that one at least of the two molecules of quaternary 
salt employed should be derived either from quinaldine (2- 
methylquinoline) or lepidine (4-methylquinoline), though the 
other molecule may be a derivative of quinoline or of a 
homologue containing substituting methyl groups in the 
benzene ring. These latter compounds are obtained from the 
homologues of aniline by the action of glycerine, sulphuric 
acid and an oxidising agent, other processes having to be 
employed in the preparation of quinaldine and lepidine. 

6 “ Methylquinoline (/>-ToIuquinoline) was obtained by 
Skraup (Monatsh., 1881,2, 158) front a mixture of />-toluidine, 
^-nitrotoluene, glycerine and sulphuric acid. Modifications of 
Skraup’s reaction could also be employed. 
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Liquid, smells like quinoline, D. 1.0815/0^, 1.0681/20®, 
1.0560/50^, B. P. 257.4 — 258.6 V745 mm. 

Various salts have been described; the methiodide was 
described by Skraup as fine, yellowish prisms. 

2-Methylquinoline (Quinaldine). This base occurs in coal 
tar (Jacobsen and Reimer, Ber., 1883, id, 1084) but is best 
prepared synthetically. 

Ddbner and Miller (Ber., 1881, 14,2814) found it might 
be prepared by heating glycol (30 parts), aniline (40 parts) 
and nitrobenzene (14 parts) with concentrated sulphuric acid 
(38 parts), but that an easier method was to gradually add 
80 parts of paraldehyde to a cooled mixture of 40 parts of 
aniline, 45 parts of nitrobenzene and 100 parts of sulphuric 
acid. This procedure was subsequently modified, a mixture 
of 1V2 parts of paraldehyde, i part of aniline, and 2 parts of 
concentrated hydrochloric acid being heated for some hours 
on the water bath (Dobner and Miller, Ber., 1883, rd, 2465). 
It was shown at the same time that a mixture of aniline, 
aldol and! hydrochloric acid might be employed, amongst the 
products of the latter reaction, ethylaniline and tetrahydro- 
quinaldine were subsequently identified (Ber., 1884, //, 1699). 
Quinaldine was also obtained by heating a mixture of cro~ 
tonaldehyde, aniline, nitrobenzene and sulphuric acid (Skraup, 
(Ber., 1882, IS, 8gy). The reaction may be represented as 
follows when aldol is employed. 




CHOH . CH, 

+ JcH, -»H.o + »r.+. 

OCH 



The excess hydrogen is used in reducing some of the 
aldehyde and, to a lesser extent, some of the (|uinaldinc to 
tetrahydroquinaldine. H. O. Jones and P. E. Evans, who have 
studied the mechanism of the reaction, find that commercial 
samples of quinaldine always contain some of the tetrahydro 
base, 14 to 16 per cent being found in a sample from the 
A.-G. f. Anilin-Fabrikation (Trans. Chem.Soc., 1911,^9,339). 

Ristenpart (WeyFs Einzelschriften zur chemischen Tech- 
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1911, 4. Lieferung, i6) states that qiiinalcline is pre- 
pared technically by heating a mixture of 50 kilos of aniline, 
100 kilos of hydrochloric acid and 75 kilos of paraldehyde 
for 5 hours under reflux, rendering alkaline and blowing 
over the base in a current of steam. The addition of a small 
amount of aluminium chloride to the reaction mixture was 
described by the Chem. Fabrik, Schering (Brit. P. 956/1883; 
U. S. P. 309935/1883; Fr.P. 153873/1883; D. R. P. 24317/ 
1882). 

Of other syntheses, that from <9-aminobenzaidehyd€, 
acetone and caustic soda may be mentioned (Friedlander and 
Gohring, Ber,, 1883, ^^ 35 )* Very similar is the reduction 

of o-nitrobenzylideneacetone (Meister, Lucius and Briining, 
Brit.P. 3541/1882; U.S. P. 268543/1882; D.R. P. 22138/ 
1882 ; B. P. 246 — 247^). Salts and alkyl iodides are described. 

2 : 6-Dimethylquionline (^-Toluquinaldine) is also an inter- 
mediate for the formation of isocyanine dyes, and is ob- 
tained from /j-toluidine, paraldehyde and hydrochloric acid 
(Dobner and Miller, Ber,, 1883, 16, 2470). M. P. 60^, B. P. 
266 — 267®. Methiodide. (Moller, Annalen, 1887, 242, 31 1). 

4.- Methylquinoline (Lepidine) is a product of the dis- 
tillation of cinchonine with caustic potash (Williams, Jahresh., 
1855, 450)* It| was obtained synthetically by saturating a mix- 
ture of methylal and acetone with hydrochloric acid, and 
heating the product with a solution of aniline in concentrated 
hydrochloric acid (C. Beyer, /. pr. Chem., 1886,11,^3,418). 

Possibly the acetone and methylal condense to a methyl- 
methoxyethyl ketone 



CH 3 O -CHo 

+ =CILOH + H,0-f 2H + 

co 

I 

CH3 


0 : 


N 

C 

CH, 


The parent butanonol, CHg • CO * OPL • CHgOH (b. p. 
109 — iioy30mm) is prepared by condensing acetone and 
formaldehyde with aqueous potassium carbonate (Bayer & Co., 
U. S. PP. 981 668, 981 669, 989993/1911 ; D. R. P. 223 207/ 
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1909). Further details of the syntheses of lepidine and 
related compounds are given by Mikeska (Joiir. Amer, Chem. 
Soc., 1920, 42, 2396). 


CHAPTER III. 


QUINOPHTHALONE AND FLAVANILINE 


DYESTUFFS FROM QUINOLINE 


The production of the first dyestuff containing quinoline 
dates back to i860, the first cyanine having been prepared 
in that year by the action of alkali on the addition product 
formed from amyl iodide and “quinoline’^ (containing lepi- 
dine) obtained by distilling cinchonidine with caustic potash. 
(Williams — — — — — — Hofmann — — — ). 
The dyestuffs of this class found very limited technical 
application; they lacked fastness were expensive and were 
readily displaced by the cheaper and faster dyes of the tri- 
phenylmethane series. Use was made of cyanine at a much 
later date when it was found that it acts as a red sensitiser 
for the photographic plate. 

In 1881, the Farbwerke vorm. Meister, Lucius and Brti- 
ning patented the production of yellow dyes which were ob- 
tained by heating acetylated bases with zinc chloride (Brit. P. 
5427/1881; D. R. PP. 19766/1881; 21682/1882) the simplest 
member of the series, that produced from acetanilide, was 
examined by O. Fischer and co-workers and found to be 2-P- 
aminophenyl-4-methylquinoline ; the action of the zinc chlo- 
ride on the acetanilide causes the acetyl group to wander 
from the nitrogen atom into the nucleus giving o- and p- 
aminoacetophenones which condense according to the 
equation 


a 


H. 

'COCH, 


+ 


CO<3DnH, 


CH. 


= 2H^O-i- 
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In fact a mixture of the aminoacetophenones can be con- 
densed to flavaniline by thel action of zinc chloride at as low 
a temperature as 90 ® (O. Fischer, Ber., 1886, ip, 1038). 

About the same time, E. Jacobsen patented a process 
for making red and violet dyestuffs by acting on pyridine 
and quinoline bases with benzotrichloride Brit. P. 1362/1883; 
iD.R.P. 19306/1882) or benzal chloride (D.R.P. 23967/1882). 
The dyestuffs described were of no particular value and the 
German Patents were allowed to lapse in 1886. It is of 
interest that Jacobsen found that synthetic quinolinej did not 
give rise to violet dyes when acted on by benzal chloride 
or benzotrichloride, and he referred the dyestuff formation 
to the presence of quinaldine in the coal tar quinoline he 
employed. His view of the typical reaction is given by the 
equation 

CeH^CCla + QH,N + QoH,N 
= CeH.CCl (QHeN) (QoHsN) 2 HCl 

and in the second patent he points out the advisability of 
using a quinoline or a quinoline substituted in the benzene 
nucleus with an equin^olecular proportion of quinaldine or 
a derivative thereof. 

E. Jacobsen discovered in 1882 that yellow colouring 
matters were obtained by the condensation of phthalic an- 
hydride with coal tar “pyridine” and “quinoline” under the 
influence of zinc chloride ; these were rendered available as 
dyestuff si by sulphonation(Brit. P. 1362/1883 ; D.R.PP. 23 188/ 
1882, 25 144/1883). It was not ac first recognised that 2- 
methyl substituted pyridines and quinolines were essential 
for dyestuff formation, it will be seen later (p. 62) that 
this is thef case and quinoline yellow is really produced from 
quinaldine according to the equation 

M CO ^ CO 

QQC"- +o<^B.- h.o+()Qch<^.h. 

(Quinoline red was introduced by the A.-G. fur Anilin- 
fabrikation (D. R. P. 40420/1886) whoj prepared it by hating 
a nuxture of 10 parts of isoquinoline wdth ii parts of qmn- 
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aldine (or 11.5 parts of toluquinaldine, 12 parts xyloquin- 
aldine or 12.5 parts pseudocumoquinaldine) and 5 parts of 
zinc chloride toi 120 — 130® and running* in 15 parts of benzo- 
trichloride. 

Hofmann (Ber., 1887, 20,4) found that a yield of 9 to 
12®^ might be obtained with pure materials, the production 
of a red dye from coal tar quinoline (D.R. P. 19306) is 
probably to be assigned to the presence of isoquinoline as 
well as quinaldine. 

Quinoline red gives benzaldehyde and a base 
on oxidation, the latter compound probably possesses the 
constitution (Vongerichten and Krantz, 1910, 128) 

N N • 

CO’^XO 

For the dyestuff itself, Krantz ( Chem. Weekhlad, 1914, 
II, 364) suggests the formula 



Reference^ has already been made to the cyanines which 
had been considered to be products formed by the oxidation 
of alkylquinolinium salts. Hoogewerf and van Dorp (Rec, 
trav , chim.j 1883, 2, 28, 42, 318, 352) discovered that alkyl- 
lepidinium salts took part in the reaction, the quinoline 
obtained from cinchonine always containing some 4-methyl- 
quinoline or lepidine. The simplest cyanine is produced from 
a mixtnre of methylquinolinium and methyllepidinium* iodides 
on treatment with alkali according to the equation 
QH^NCHal + QH, (CH,) NCHJ + KOH 
:=:KI + H^O + H,4:CnHi.N,L 


About the same time Spalteholz f Ben, 1883, id, 1847) 
and Hoogewerf and van Dorp (Rec. trcm. chvm., 1883, 4 ^ J 

1^, j5>‘34} ind^endently dyes were 
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formed when the alkyl halide addition products of quinoline 
and quinaldine (in place of lepidine) were treated with alkali, 
these compounds were called isocyanines. 

The cyanines had been largely used as photographic 
sensitisers but were unreliable and had a tendency to veil 
■ and spot the plates. Miethe ( Chemische Industrie, 1903, 26, 
(3), 54) found a more powerful sensitiser in the ''ethyl red’^ 
produced by condensing the ethiodides of quinoline and 
quinaldine; this showed fairly even sensitiveness from the 
ultraviolet to orange, and the plates sensitised with it worked 
cleanly. 

Shortly afterwards, Konig discovered still more active 
sensitisers of the isocyanine group; these were placed on 
the market by Meister, Lucius and Briining under the names 
of Orthochrome T, Pinachrome and Pinaverdol (D. R. PP. 
167159 and 167770/1903). Bayer and Co. introduced other 
sensitisers such as Perikol, Isokol and Homokol (D. R. PP. 
158078/1903, 170648/1905, 170649/1905). The sensitiveness 
conferred by these dyes extends into the red ; they are used 
in the manufacture of panchromatic plates. 

A new class of dyes was discovered by Konig and pa- 
tented by Meister,' Lucius and Briining (Brit, P. 16227/1905; 
D.R. P. 172 118/1905). These are formed from quaternary 
quinolinium salts (in presence or absence of quaternary 
quinolinium salts) and formaldehyde or substances producing 
formaldehyde in alkaline solution. Pinacyanol belongs to’ this 
class of dyes, which give blue solutions and sensitise further 
into the red than the isocyanines. The substances of this 
class have been called carbocyanines by Mills and Pope 
(Phot Jour., 1920, 60, 184). 

When quinaldinium salts are subjected to the joint action 
of alkali and an oxidising agent annother class of dyes is 
formed. Dicyanine belongs to this group, dicyanine 
nitrate is obtained by bubbling air through an absolute 
alcoholic solution of 6-ethoxy-2:4-dimethylquinoline etho- 
nitrate and sodium ethoxidc, the corresponding dicyanine 

iodide is obtained from the corresponding ethiodide of 


{/I'i.XOPlITllAlJKS'K ASP FI.AVASHJSK S^'t 

6- ethoxy- 2:4 -diMK-tliyluuinolim' ami soilinm lurth. -vi.lr in 
methyl alcoholic solution. 'Ihe tu'cessaiy ethKxyflifoethyl. 
quinoline i.s obtained by rondetniinj,^ /> {tlienetiditn- with paial 
dehyde and acetone (Mikeska, Ifaller and Adani*. /><»», , fmer. 
Chem. Sac., 1920, 42, 2392). 

The constitutions of the cyanines, ism yanitu- . and e.irlio 
cyanines have been shown to he as follows (Mill* and 
Photh Jour., 1920, do, 183.256; Mills aiut Wish.iit. / ooiv 
Chem. Soc., 1920, ///, 579; Mills and Mvaiis. ihxi . 1045 ; Mills 
and Hamer, ibid., 1 550). 

<r^ ■ <0 ^ 

Cjaiiiu€^ 


K K N H 

C H CIl <11 ( Y ] 

llic observation of Adams and Haller Oum. Hmer. 
Chem. Soc., 1920, //-». 2389) that pure lepirlininm salts 
give dyes of isocyanim* type, similar to, but iwit identiial 
with, those given by the corresponding derivatives of ijiiin 
aldine, is confirmatory evidence in favour of the leniral 
carbon atom being attached to the two tpiinolitie nnelri tti 
positions 4 and 2’ respectively; it further m,akes it prob,alde 
that the two formulae given above as possihle for the 
cyanines are not tautomeric, hut rejirescntrd two distinel 
compounds. 

Another class of quinoline tlyesiuffs is reprewnlnl by the 
compounds obtained by acting on quinulinr • a - carf»»it ylie 
acids with acetic anhydride (Besthorn, #er,, uj{i4, jfy, 
or by allowing <|uinaldiny! chloride to react with rptiooline 
bases in a neutral solvent, e. g, iienzene (Besthorn, !> R 1 *, 
168948/1905). The reaction* involved corre*fKjnd with the 
equations 



or 
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2 QHeN (COOH) = + CO^ H^O 

QHeN (COCl) + C,H,N = + HCl 

The substance produced from quinaldinic acid crystal- 
lisis in pointed needles, red by transmitted light andi showing 
a green reflex. It sinters about 200 ^ and melts between 230 ® 
and 240*^. It might be expected that it possesses the con- 
stitution 

N N 

CO-“-CO 

but a ketonic group could not be detected by means of 
•hydroxylamine or plienylhydrazine, and the very slight basi- 
city is inexplicable. The substance is very sensitive to light 
and oxidising agents; boiling with hydrobromic acid gives 
quinaldinic acid and quinoline whilst quinaldine acid and 
carbostyril are formed when it is warmed with concentrated 
sulphuric acid. 

Compounds of this type do not seem to have received 
technical application, the patent lapsing in 1906. 

Quinophthalone Group 

Quinophthalone was discovered in 1883, and shortly 
afterwards it was found that pyridine bases were capable of 
condensation with phthalic anhydride. For convenience, con- 
sideration of the unimportant „pyrophthalone'^ has been 
deferred until this point as its constitution is similar to that 
of quinophthalone. 

l^rophthalone 

C € S >“-0 ■ 

N 

This was obtmned by heating picoHne from coal-tar (b. 
P* 133 — 140®) with phthalic anhydride and zinc chloride to 
200 ® (Jacobsen and Reimer, Ber,, 1883, 2604). It crystal- 

lises from alcohol in bright yellow leaflets, is insoluble in 
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water, difficultly soluble in alcohol' but easily in glacial acetic 
acid. Its melting point is given as above 260^ by Jacobsen 
and Reimer, 280® by von Huber and 280® by Eibner and 
Lobering. 

Von Huber (Ber., 1903, 36, 1653) found that a better yield 
was obtained when fractionated picoline (128 — 132®) was 
heated under reflux with an equimolecular quantity of 
phthalic anhydride and- a little zinc chloride for some hours 
to 200®. 

Pyrophthalone has feeble basic properties, it takes up 
two atoms of hydrogen when reduced with zinc dust and 
glacial acetic acid giving a substance which forms well crystal- 
lised salts and is probably a secondary alcohol. Von Huber 
represents the reduction product by the structure 

N 

Preparations melting at 280® were obtained by heating 
2 -picoline with phthalic anhydride and a little zinc chloride 
in sealed tubes at 230^ or by the action of phthalyl chloride 
on 2-picoline in dry benzene solution ; these were described by 
von Huber (loc. cit,) under the name of ^'isopyrophthalone*^ 
and given a phthalide constitution. 

In repeating von Huber's work, Eibner and Hofmann 
1904, 37, 3023) found that both „pyrophthalone^" and 
„isopyrophthalone'' melted at 283 ^ not at 260® and 280® 
respectively, but on one occasion they obtained an isopyro- 
phthalone melting at 195 ® from: the mother-liquors of a, pre- 
paration in which phthalyl chloride had been employed. This 
compound was converted by the action of alkali metal ethoxi- 
des into the compound of m. p. 283 ®. Atj a later date, Eibner 
and Lobering 1906, jp, 2450) were unable to repeat 

the isolation of the compound melting at 19S®, but fully 
ei^ablished the symmetrical pyridyl-indandone formula for 
Jacobsen and Reimer's pyrophthalone to which they now 
assigned a slightly higher melting point, viz. 287®. 
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Qidnop}ithalo7ie (Quinoline Yellow) 



Traub (Ber.^ 1883, 298) obtained a condensation pro- 

duct by heating quinoline prepared from cinchonine with 
phthalic anhydride to 150^. The unused quinoline was extract- 
ed with dilute hydrochloric acid and the residue succesively 
crystallised from glacial acetic acid and benzene. The for- 
mula C17H9O2N had to be corrected to CigH^OaN as the 
compound proved to be identical with the quinoline yellow 
obtained by Jacobsen and Reimer from qttinaldine (Ber,, 
1883, j6, 1082, 2603). Pure quinoline does not react with 
phthalic anhydride but the reaction 

QoHoN + CsH.Oa = H2O +QsH,,02N 
can be effected by heating 2 parts of quinaldine with i part 
each of phthalic anhydride and zinc chlo^ride for 4 or 5 hours 
at 200®. The product is dissolved in concentrated sulphuric 
acid at 100®, the solution poured into 20 times its volume of 
water and the precipitate successively crystallised from glacial 
acetic acid and alcohol. 

Quinoline yellow melts at 234^ (Jacobsen and Reimer) 
or at 238 — 240 ® (Eibner and Merkel, Ber., 1904, 37, 3006), it 
sublimes without decomposition, is insoluble in water, slightly 
soluble in ether, more easily in boiling alcohol and readily 
in glacial acetic acid. Neither basic nor acidic properties are 
marked, though mono-sodium and potassium derivatives may 
be prepared (Eibner and Merkel, loc. cit,, compare Eibner 
and Lange, Annalen, 1901, 515, 345). The compound yields 
quinaldine! and phthalic acid when heated with fuming hydro- 
chloric acid to 240 It is readily oxidised, nitric acid giving 
phthalic and quinaldinic acids. 

Dilute solutions dye wool and silk yellow without the 
help of a mordant. 


From the method of preparation, either of the formulae 
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is possible. Jacobsen and Reimer at first inclined to the view 
that an oxygen atom of the phthalic anhydride united with 
two hydrogen atoms from the pyridine nucleus of quinoline 
or quinaldine since an analogous compound could apparently 
be obtained from pyridine. In this case, however, dyestuff 
formation was traced to the presence of 2-picoline, and it was 
recognised that a methyl group in position 2 (or possibly 4) 
was necessary for condensation with carbonyl groups (See 
Ber., 1883, id, 1892, 2541, 2605, 2942). 

Jacobsen now inclined to the first of the two formulae 
given above which representsi quinoline yellow as a quinolyl- 
indandione, the second (phthalide) structure gradually came 
into favour without any definite proof being offered. 

Eibner and Lange 1901, J15, 306) attempted 

an experimental decision, the evidence seemed to be in favour 
of the phthalide formula, and apparent confirmation was 
afforded by the study of />-toluquinophthalone (Eibner and 
Simon, 1901, 54^ 2303). The arguments adduced were 
that quinophthalone gives addition products with bromine 
and nitrogen peroxide (compare phthalide derivatives, Ga- 
briel, Ber., 1884, 17, 2521 ; 1885, 2455 ; 1886, ip, 837) ; 

that quinophthalone is produced from phthalyl chloride, 

CeH4<^QQ 2^0 , and quinaldine and that isomeric quino- 
phthalines are formed! according to whether quinophthalone 


is condensed with ammonia, or, phthalimide, CeH4<^^Q^NHT 
is condensed with quinaldine. The isomeric quinophthalxnes 
obtained by these reactions were represented by the following 
formulae. 



CFI-QHeN 

NH 


«-Quinophthaline 



CH * QH^N 


/J-Q uinophthaline 


Doubt was cast on the correctness of Eibner^s con- 
clusions as a result of von Huber’s examination of the con- 
densation of 2-picoUne with phthalic anhydride (S0r,, igo% 
5^1653). Jacobsen and Reimer 1883, id, 2&>3) had 

already examined the pyrophthalone produced in this way 
and thought that an isopyrophthalone was also formed from 
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^ the reacting materials, but the occurence of an isomeride in 
the condensation of quinaldine with phthalic anhydride had 
not been observed until Eibner {Ber., 1901,5^^2311) briefly 
mentioned a compound of m. p. 185 ® (corrected later to 187 
which he looked upon as the indandione derivative : he sub- 
sequently examined the new compound at greater length in 
conjunction with Merkel (Ber,, 1902, 55, 2297). This „iso-' 
quinophthalone'^ is obtained by melting an equimolecular 
mixture of quinaldine and phthalic anhydride, heating slowly 
until the melt is just yellowish-red (160®) and after cooling, 
stirring energetically with not too much alcohol. Crystalli- 
sation may be ejffected by adding alcohol to the solution in 
chloroform until opalescence is observed. 

As matters stood, Eibner attributed the phthalide struc- 
ture to quinophthalone, whilst isoquinopbthalone was repre- 
sented as quinolylindandione. Further study of the mutual 
relationships of the two compounds led to the opposite con- 
clusion. 

Quinophthalone gives metallic derivatives, analysis 
showed that they were derived by replacement of one atom 
of hydrogen by sodium or potassium (Eibner and Merkel, 
Ber.y 1904, 57, 3006). The same metallic derivatives were 
formed from isoquinophthalone, they yield quinophthalone 
on decomposition. The reaction is one which had already 
been utilised for the preparation of indandiones from substi- 
tuted phthalides (Gabriel, Ber., 1893, 2d, 951 ; Nathanson, 
ibid., 2 $y 6 ) ; in the case we are now considering, the trans- 
formation from isoquinophthalone to quinophthalone is to be 
represented in the following way. 

Confirmation of this view is aflforded by the conversion 
of isoquinophthalone into quinplylacetophenonecarboxylic 
acid (m. p. ifiS*) on prolonged boiling with dilute alkalies 
(Eibner and Hofmann, Ser., 1904, 57, 3011). 


ch/ 

U«4\co, 


CH-QH,N 


4 -NaOH = C,H*<' 


€ 0 -CH,-C,HeN 

COONa 




iiia 
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From this acid, fiuindidilhalniu' is dhlaiiit'd by lu alinK 
above its melting point or by vvaniiing with courim! fated 
sulphuric acid. 

The isomerism of the qninophtlialines imist ccnisequi ntly 
be explained by the following formulae. 


‘\C(:NHK 

ft-Quinophthalinc 


( HCJbK 

<yi/.,, N’H 

“ Q ii I i f i r . 


The a-compound was uriginally prepared by Jacobs, ii atxl 
Reimer as dark red leaflets ; it is formed by heating tjiiiito- 
phthalone with alcoholic ammonia: the /bcomjMumd o. ilie 
substance of m. p. 213* which Ribtter and Lange ohtaiiieri as 
stout pale yellow prisms by heating tjuinakliue with phthah 
mide in prc.scnce of zinc chlftride. Confirmation of this view 
is afforded by the conversion of the /J cfunponiid into »piiiu>- 
lylacetophenonc-«-carboxylic acid. 

Quinoline yellow is fairly fast to light, some ,»f the sub- 
stitution derivatives containing chlorine in the bi iome half 
of the quinoline nucleus are even faster (.Vleister, Lnciit • and 
Briining, D. R. P. 286 237/1913). 


Pntmi Litemlum 

The production of yellow dyes of the Pymphtlialonr ai«l 
Quinophthalone series was patented iiy I'auil Jacobsen (111 it. 
P. 1362/1883 ; D. R. P. 23 188/1882). The bases specifiadly 
mentioned as giving yellow compuimds on heating with 
phthalic acid are pyridine fsic,), picolitie, the higher jiyri 
dine bases from coal-tar, the quinoline liases from coal tar 
and boiling between 230 and 3fo", qtiinaldine and the base* 
corresponding to quinaidinc prepared from paraldehytie and 
toluidine, xylidine and naphthylaminc. The process dcseribed 
consisted in heating one molecule of phthalic anhydride 
with two molecules of the base ami one imdeculc of *inc 
chloride to 200* for 5 or 6 hours in the cane of coal-tar bases 
and to about 250® for quinaJdine and Its homologiie*. The 
colouring matter was then isolated either by extracting excess 
of base and ainc chloride with dilute hydrochloric aci»t, t»t 

TUmrn, StMlMtie $ 
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by dissolving the melt in concentrated sulphuric acid and 
pouring into water. The precipitated dyestuff could be puri- 
fied by crystallisation from boiling glacial acetic acid. The 
patent says nothing as to yield or formation of by-products, 
Eibner’s isolation of isoquinophthalone shows that the reac- 
tion cannot be quantitative. 

To obtain the dyes in a soluble form, they are sulphonat- 
ed, preferably with chlorosulphonic acid at loo®, diluting, 
neutralising and salting out. 

The use of chloro- and nitro-derivatives of phthalic an- 
hydride as well as of phthalimide was also described by 
Jacobsen (D. R. P. 25 144/1883). The latter patent states that 
whilst pure synthetic quinoline does not give dyestuffs with 
phthalic anhydride, it may be made available for the purpose 
by methylation, ethylation &c. 

The „Quinoline Yellow^^ which was actually used was 
the sodium salt of sulphonated quinophthalone, the greenish 
yellow shades produced by the dye are fast to light and soap. 

The conversion of quinophthalone into basic dyes by 
heating with alcoholic ammonia or aliphatic amines for 
40 hours at 200® was patented by Meister, Lucius and 
Bruning (D. R. P. 27785/1883). The resulting quinophtha- 

lines, ^ ^ NCH-CgHeN do not seem to have found any 

practical application. 

As mentioned above, Eibner has shown that the forma- 
tion of quinophthalone is accompanied by that of iso- 
quinophthalone, the amount of the latter is stated to reach 
25 per cent of the total yield. Eibner finding that iso- 
quinophthalone readily gives metallic derivatives of quino- 
phthalone, utilised the reaction to obtain better yields of the 
latter substance (D. R. P. 158 761/1903). His method consists 
in treating the crude melt whilst warm with sufficient sodium 
ethoxide solution at water bath temperature to give an uni- 
formly red mass ; this is filtered and washed with alcoholic 
alkali until the filtrate is only bright yellow. The remaining 
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pure sodium cooipound. is then decomposed by boiling 
and the quiiiophthalone dried at loo 

Eibner incidentally mentions the quinophthalones ob- 
tained br starting with 2 : 4-xylidine, 2 14: 5-ciiniidiiie and 
I- and 2-iiaphthylairiiiies, converting these into quinaldines 
and condensing with pbthalic anliydride. The two last are 
stated to be highly tinctorial. 

^uiaophthalones derived from chloroqiiinaldines have 
attracted some attention during more recent years. Bayer 
& Co. (Brit. P. 28266 /i^ 38 ; U.S. P.890588/1908; B.R.P. 
204255/1907) heat 177.5 parts of ^-chloroquinaldine (obtained 
from |>-cli!oroaniiine, acetaldehyde and hydrochloric add) 
with 148 parts of phthalic anhydride to 210^. After 5 or 
6 hours, the qiiinophtlialone is washed with alcohol, dried 
and siilphonated with fuming sulphuric acid 

Wool and silk are dyed from an acid bath yellow (green 
shade); it is claimed that the yield of this dye is better than 
that of qiiinophthalone, it possesses greater tinctorial power 
and its lakes show greater fastness to light. 

Meister, Lucius and Briining (D.R. P. 286237/1913) 
ciaim greater fastness to light for qiiinophthalone s prepared 
from quinaldines containing chlorine and an ortho- substituent 
in the benzene nucleus. The chlorine may or may not be the 
OfTtho-snbstituent, the following are stated to be suitable 
bases for giving tiie necessary qninaldine; 2-chloroaniIine, 
3-chloro-4-toludine, 5-chloro-2-toluidine and 6-chloro~2- 
toluidine. 

In employing ortliochloroaniline, 13 parts of the base 
are heated for 5 hours at about 100 ^ with 40 parts of hydro- 
chloric acid and 10 parts of paraldehyde. 59 parts of the iso- 
lated chloroquinaldine (m. p. 68 — ^70®) are heated with 
50 parts of phthalic anhydride for 2 hours at — ^210 The 
cMoroqtiinophthalone is sulphonated by warming with 10 to 
m times, its weight of ^ per cent fuming sulphuric acid. 

The same firm also use the chioraqmiial#t^ prepared 
from 3-cMoroaiiiline' in al similar manner. 

Il is po®iMe to use certasa dimmti’ves of quinophtha- 
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loaes as sulphur dyes, a quinaldine being condensed with a 
thiolphthalic acid (Ges. f. chem. Ind. Basel, Brit. P. 4159/ 
1907; D. R. P. 189943/1906). The thiol group can be intro- 
duced into the phthalic acid either by replacement of an 
amino-group, or, more simply, by converting. /S-sulphophtha- 
lie acid into its acid chloride and’ reducing the sulphonyl 
chloride group by zinc dust. Thiolphthalic acid forms a 
yellow crystalline mass, it melts indefinitely about 160® or 
170® andl is soluble in organic solvents and hot water. 

As an example of formation of colouring matter, equal 
weights of thiolphthalic acid and yS-naphthoquinaldine are 
■melted together at 1 50 ® the temperature being raised to 200 ® 
in the course of 4 hours! and maintained at 200 ® until the con- 
densation is complete. The solidified melt can either he 
powdered and used directly, or purified by dissolving it in 
sodium sulphide solution, filtering and precipitating by hy- 
drochloric acid. 

The colouring matter may be used as a sulphur dye, thus 
unmord'anted cotton is dyed orange yellow from a sodium 
sulphide bath, on oxidation (air or chromate) a; very pure and 
fast yellow is obtained. 

Flavaniline 

This compound is formed by heating acetanilide with 
zinc chloride and now only possesses theoretical interest. 
The patent taken out by Meister, Lucius and Brxining (D. R. 
P. 19766/1881) was allowed to lapse in 1883; in this patent 
- the method given was to heat equal weights of acetanilide and 
zinc chloride, or, alternatively, i part of acetanilide, 2 parts 
of aniline hydrochloride and 2 parts of zinc chloride to 
230 — ^250 The resulting melt was extracted by boiling with 
water, the resinous residue dissolved in hydrochloric acid 
and the colouring matter salted out. It was also claimed 
that the compound could be combined with alkyl halides or 
sulphonated. 

An additional patent (D. R. P. 21 682/1882) of the same 
firm claimed the use of amino-carboxylic adds in place of 
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amines; whilst the patents of Majert (D. R. P. 28323/1882) 
and Baum (D. R. P. 27948/1883) were obviously intended to 
circumvent the patents of Meister, Lucius and Briining. 
Majert’s method was to act on ethenyldiphenylamidine, 


CH,-C( 


NH-CoHs 

N-CeH. 


with zinc chloride ; Baum's process, consisted in heating ani- 
line hydrochloride with an excess of acetic anhydride to 
180 — 200 for 12 hours. 

The use of flavaniline was abandoned as yields were bad, 
the dyestuff was not fast to light and the colouring power 
was small. 

The constitution of this compound has already been 
dealt with (p. 55), other references are, Fischer and Ru- 
dolph, 5^^^1882,15,1500; Besthorn and Fischer, S^rr., 1883, 
■?d,73. 


CHAPTER IV 
THE CYANINE GROUP 

Constitution of Isocyanines and Cyanines 

The first dyes containing the quinoline nucleus were pre- 
pared by Greville Williams (Trans. Roy. Soc. Edin., 1856, 
1857, 2j, 309, 377), who subsequently suggested that they 
should be employed technically, Williams started with the 
crude quinoline obtained by the distillation of cinchonine, 
combined it with amyl iodide to a quaternary ammonium 
salt and boiled the aqueous solution of the latter compound 
with excess of ammonia in an open pan (Chem. News, i860, 
a, 219). Cyanine dyes were exhibited in 1861 and placed 
qn the market by Menier of Paris. 

The composition of the cyanines was examined by Hof- 
mann who recognised that the lepidine contained in quino- 
line derived from cinchonine was chiefly responsible for their 
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formation, his view of the reaction was that two molecules 
of lepidine amyliodide lost one molecule of hydriodic acid in 
presence of alkali, the residues being condensed (Compt. 
Rend,, 1862, 55^849; Chem. News, 1863,7,85; Proc, R. S., 
1863, J2, 410). 

2 QoH,N . QH, J = C3 oH,,N,I + HI 
This view is incorrect, two atoms of hydrogen as well 
as hydrogen iodide being lost during the condensation. The 
resulting compound dissolves sparingly in water but easily in 
alcohol with deep blue colour, the crystals which show a 
metallic green lustre consist of monoclinic prisms (Arzruni 
and Traube, Rec, trav, chim,, 1885,4,61). 

The simplest of the cyanines was prepared by Hooge- 
werf and van Dorp (Rec. trav. chim., 1883, 2, 318), alkali being 
added to a boiling solution of the methiodides of quinoline 
and lepidine. 

QH^N • CH3I + CioH,N • CH3I + KOH 

= KI + H ,0 + +. n. 

The resulting resin was boiled with alcohol, allowed to cool, 
and the residue repeatedly crystallised from dilute alcohol. 
The dye was thus obtained as needles showing a green reflex 
and melting at 291 ^ The aqueous solution is blue by reflected 
and violet by transmitted light. 

A number of the cyanines have been] prepared, reference 
will be made to them subsequently. 

The isocyanines were' discovered independently by 
Spalteholz (Ber., 1883, 16, 1847) Hoogewerf and van Dorp 
(Rec. trav. chim., 1883,2,41; 1884,5,344). The quaternary 
ammonium iodides derived from quinaldinel yield purplish red 
dyestuffs when treated with alkali, oxidation taking place 
simultaneously. For the preparation of an isocyanine it is 
necessary that equimolecular proportions of two quaternary 
ammonium salts be taken, of these one must be a quinaldi- 
nium, the other may be a quinolinium compound. Thus 
(hethylisocyanine iodide obtained by the action of caustic 
potash on a mixture of the ethiodides of quinoline and 
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qiiinaldine was given the formula C23H25N2I, 1V2H2O by 
Spalteholz, whilst Hoogewerf and van Dorp wrote the com- 
pound as C23H23N2I, its formation being expressed by the 
equation 

Q2H,,Ni + -= C23H23N2I + HI + 2 H 

The constitution of the isocyanines may be regarded as 
settled. The action of alkali and an oxidising agent on the 
quaternary quinolinium salts whereby quinolones are produced 


CH 



QH, I 


CH 
CH 


CHOH 


N 

CA 


r*pr 

'v/Vco 

N 

CA 


(Decker, Ber.j 1891,^^,692; 1892, ^5, 3326) suggests that a 


quinolone condenses with unaltered quinaldinium alkyl halide. 


CA (NC2H3) : O + CH3 • QHeNC2H,I 
= H2O + CA (NC2H3) : CH • CoHeNCoH.I 
Miethe and Bock 1904, 57,2012) assume that an 
intermediate y-quinolone is produced, so that „Ethyl red'^ as 
they style the diethylisocyanine, would have the constitution 



C2H5 I 
(D 


Decker (/. pr. 1911, n, ^4, 235) supposing the con- 

densation to take place in the a-position writes the isocyanines 
in the following manner 


CH- 

h 

C,hO 

( 11 ) 

W. Konig (/. pr, Chem., I 9 ii,ii, 5 d, 166; compare ibid,, 
1906, 11, 75, 100) has suggested an open chain formula 





c,iCi 


III 
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for the isocyanines, based on Roser’s view (Annalen, 1892, 
272,221; 1894,252,363) that the pseudo-bases derived from 
the quinolinium alkyl iodides are aldehyde-amines. 


CH 

.CH 


N 

C.1C1 


CH 

^ \J\ CNO 


NHCgH^ 


Although Roser's work has been supported by Gadamer 
{Arch. Pharm.j 1905,2^5,12; 1908,24(5,89) and Kaufmann 
and Striibin; (Ber., 1911,44,680) the; open chain formula must 
be definitely discarded for the isocyanines. 

At present we are chiefly concerned as to whether con- 
densation takes place in the a- or y-position. The y-conden- 
sation is rendered very probable by the observations of Kauf- 
mann and Vonderwahl {Ber.^ 1912, 45, 1404) that quinolinium 
alkyl iodides substituted! with chlorine in position 4 react with 
quinaldinium etEiodide with elimination of hydrogen chloride 
to give the same isocyanines as the unsubstituted compounds. 

(That the 2-methyl group reacts is rendered very probable 
by analogy with the formation of quinoline yellow, whilst 
Vongerichten and Hofchen (Ber., 1908, 41, 3054) have shown 
that benzylidene quinaldinium ethiodide and 2-isopropyl- 
quinolinium methiodide are incapable of taking part in the 
formation of isocyanines. 

Mills and Wishart {Trans. Chem. Soc., 1920, 117, 579) 
oxidised dim'ethylisocyanine with permanganate and obtained 
cinchoninic acid methochloride and i-methyl-2-quinolone. 


o 




.00 

N 

CHa 


Since the dye had been prepared from quinolinium and 
quinaldinium salts, it is evident that the former must have 
given a 4-quinolone which condensed with the quinaldinium 
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salt thus leaving only the tautomeric formulae possible. 

^ :>nO- 


-CH ^ 


CH3N<^===CH- 


N 
CH3 


N 
/\ 
CH, I 


Which configuration is preferred probably depends on the 
relative, positivity of the two quinoline nuclei. The value of 
these results is enhanced by the fact that Mills and Wishart 
obtained yields of the fission products amounting to 70 to 80 
per cent of those theoreticallyi possible. 

Additional proof that the two quinoline nuclei are linked 
in position 2 and 4 respectively by means of a CH group is 
afforded by the fact that either quinaldine alkyl iodides or 
lepidine alkyl iodides by themselves yield isocyanines when 
they undergo an alkaline oxidation (E. Q. Adams and H. W. 
Haller, /. Am. C. S.j 1920,42,2389). Isomeric isocyanines 
are thus produced, their formation can only be explained by 
supposing that one molecule of the! quinaldine alkyl iodide is 
attacked in poition 4, and one of the lepidine alkyl iodide 
molecules in position 2. 

■00= ch -^3’^^^ 

N ■ NR ^H, 


OOcH. 


+ 0-=HX+H,0+( 


r\ 


CH3 CH, 

"00 ° X)0-CH - OnRX 

N NR 

R^ X 

Whilst the dyes obtained from the ethiodides of quinal- 
dine and lepidine have similar sensitising properties they are 
very different crystallographically. The authors cited sub- 
mitted both the methiodides and ethiodides of lepidine and 
tolulepidine as well as the the methonitrate of the latter base 
to the reaction. 

The cyanines, being derived in a simifer way from lepi- 
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dine and quinoline alkyl iodides must almost certainly be 
represented with constitutions such as 

C,Hs-N<^=CH - 

Oyanines 

The possibility of sensitising photographic plates to the 
less refrangible rays of the spectrum was discovered by Vogel 
{Ber.j 1873, d, ^302) who observed that the Wortley collodio- 
bromide dry plates which were stained with a yellow dye to 
prevent halation, showed sensitiveness in the green and not 
in the blue. If the dye were washed out, then the sensitiveness 
disappeared. Somewhat later, Vogel showed that the sen- 
sitiveness of collodio-bromide emulsions to the less refran- 
gible rays was increased by a number of dyestuffs, amongst 
these being cyanine (Ber., 1875, 5,95,1635). 

About the same time, Waterhouse' discovered that eosine 
acta as a powerful green and yellow sensitiser and in 1884 
the dye was used commercially in Edward’s Isochromatic 
plates. Two dyestuffs nearly related to eosine, viz. Rose 
Bengal and Erythrosine (pp. 310, 31 1) are still used as sen- 
sitisers for the yellow and green. 

Although cyanine! was largely used as a sensitiser, it was 
found to be somewhat unreliable and had a tendency to veil 
and spot the plates. The discovery of the powerful sensitising 
action of certain of the isocyanines led to their rapid intro- 
duction. Foti an account of the application and properties of 
the isocyanine dyes, the paper by W. H. Mills and W. J. 
Pope should be consulted {Phot. 7., 1920, do, 183). 

Dimethylcyanine. The iodide of the simplest cyanine, 
C21H19N2I, was obtained by Hoogewerf and van Dorp {Rec. 
trav. chim.j 1883, 2, 318) by adding caustic potash to a boiling 
solution of 2 part^ of quinoline methiodide and i part of lepi- 
dine methiodide in 3 parts of water. The resulting resin was 
boiled with alcohol, allowed to cool, and the undSssolved 
portion repeatedly crystallised from dilute alcohol. The 
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iodide was thus obtained as fine green needles melting at 
291 almost insoluble in ether and benzene, difficultly soluble 
in alcohol, somewhat soluble in water, acetone and chloro- 
form. The aqueous solution is reddish blue, the alcoholic 
blue by reflected and violet by transmitted! light. 

The chloride j C21H19N2CI, 5 H2O, is easily soluble in alco- 
hol and melts with decomposition about 300 

The platinichloride, C21H19N2 (HEtClg), forms a yellow 
precipitate. 

Diethylcyanine iodide, C28H23N2I, forms green prisms, 
m. p. 271 — 273 The corresponding bromide does not melt 
below 290® (Hoogewerf and van Dorp, Rec. trav. chim., 1884, 

3^ 340). 

Diisoamylcyanine iodide, C29H85N21, 1V2H2O, is ob- 
tained by dropping strong caustic potash solution into a mix- 
ture of 8 part of lepidine isoamyliodide and 2 parts of 
quinoline isoamyliodide in 20 parts of alcohol (Hoogewerf 
and van Dorp, Rec. trav. chim., 1884,5,352. Compare, ibid., 
1883, 2, 28, 42, 324, also! Hofmann, Compt. rend., 1862, 55, 
849; Nadler "and Merz (Zeitschr., 1867,343). The iodide is 
easily soluble in hot alcohol and crystallises in cantharidine 
green, monoclinic tables (Arzruni, Rec. trav. chim., 1884, 3 f 
354). It is very sparingly soluble in water and ether. On 
rapid heating it. fuses about 100 ^ whilst the periodidCi melts 
at 187 — 189®. 

By treatment with moist silver oxide, it is stated that 
the free base, CggHgeNaO, may be obtained as a viscous, 
bronze coloured} mass. Nadler and Merz prepared the chloride 
by the action of silver chloride on the iodide, it crystallises 
from hot water in blue prisms. Various othef salts containing 
one, two or even three equivalents of acid radicle have been 
described. Thus CgoHajjNgl, 2 HQ is colourless and 
C29N85N2I, HCl is bronze coloured. By warming diissoamyl- 
cyanine nitrate in alcoholic solution with anxmonium sul- 
phide, Nadler and Merz* obtained a reddish yellow compound, 
CggHeBOaN^Sa, which is insoluble in water, but forms unstable 
salts with acids. r j 
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The cyanine, C30H39N2I (?), was said to be obtained by 
treating lepidine isoamyliodide with potash (Hofmann, loc. 
cit, Arzruni and' Traube, Rec, trav. chim., 1885,^,61). The 
compound described, dissolved easily in alcohol with a blue 
colour; silver oxide was stated to give the free base as a 
dark blue, indubitably crystalline mass. It will be noticed 
that the formula ascribed to the substance does not allow 
for oxidation to have occurred during its formation ; further 
it should be noticed that a true cyanine could not be produced 
by the condensation of two molecules of lepidine as in this 
case both 4-positions would be occupied. 

The blue colour of cyanine is destroyed by acids and 
restored by alkalies, salts with two equivalents of acid having 
a pale yellow colour; this led to a suggestion to use 
cyanine as an indicator. 


Isocyanines 

The formation and constitution of these compounds has 
already been discussed ; the earliest members of the class in 
question being comparatively simple. It is evident that iso- 
cyanines of higher molecular weight may be prepared either 
by using quinolinium or quinaldinium salts containing heavier 
alkyl groups, or, alternatively, by replacing hydlrogen by 
alkyl in the quinoline or quinaldine employed, substitution 
being effected in the benzene half of the nucleus. The simpler 
isocyanines possess certain advantages over the cyanines 
from a photographic point of view, but do not act as such 
efficient sensitisers for the red end of the spectrum. 

The possibility that isocyanines derived from toluquino- 
lines and toluquinaldines might be more sensitive to red and 
yet possess the other advantages over the cyanines led to 
experiments on the part of Meister,(Lucius and Bruning and 
the introduction of the Pinaverdol (isocyanine) type of sen- 
sitiser (Brit. P. 9598/1903 ; D. R. P. 167159/1903; F. P. 
338780/1903). It was foundi that quinaldine alkyl iodides 
would not react with o-toluquinoline alkyl iodides, and only 
very bad yields were obtained from <7-toIuquinaldine alkyl 
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iodides and quinoline alkyl iodides. The hindering effect of 
substitution was not observed when meta or para toluquino- 
line or toluquinaldine alkyl iodides were employed and the 
eight possible condensations of quinaldinium salts with meta 
and para quinolinium salts, and of meta or para toluquinal- 
dinium salts with quinolinium or meta or para toluquinal- 
dinium salts were effected. 

Several of the more complex isocyanines were introduced 
as sensitisers but no attention was paid to their preparation 
outside Germany. 

The war prevented the use of these dyes by the allied 
Powers until methods were worked out for their preparation, 
the plates used for photographic work by the' Allied Air 
Forces were sensitised by dyes actually made in the Univer- 
sity Chemical Laboratory, Cambridge, where the constitu- 
tions of the more important isocyanines were determined. 
Work was also undertaken on an extensive scale in America, 
so that recently the patent descriptions have been amplified 
by an extensive scientific literature. 

Mills and Pope number the positions in the isocyanine 
nucleus in the following manner 



lAc 


and give a list of the isocyanines which they have prepared 
and examined {Phot, J., 1920, 60, 186). 

1. I : I '-Dimethylisocyanine iodide. 

2. 1:1': 6'-Trimethylisocyanine iodide. 

3. 1:1' : 6-Trimethylisocyanine iodide. 

4. 1:1' : 2' : 6 : 6L Pentamethylisocyanine iodide. 

5. I : i'-Diethyl-6-methyHsocyanine iodide. 

6 . I : I '-E)i-#-propyl-6-methyIisocyamne iodide. 

7. I : I CUi^butyl-6-methylisocyanlne iodide. 
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8. I ; I'-Diethylisocyanine iodide. 

9. I : i'-Diethyl-2"-methylisocyanine iodide. 

10. I : i'-Diethyl-/3-naphthoisocyanine iodide. 

11. I ; I'-Dimethyl-S-acetaminoisocyanine iodide. 

12. I : i'-Dimethyl-5-aminoisocyanine iodide. 

13. I : i'-Dimethyl-6-acetaminoisocyamne iodide. 

14. i : i'-Dimethyl-6-aminoisocyanine iodide. 

15. I : i'- Dimethyl-6 '-acetaminoisocyanine iodide. 

16. I :i'-Dimethyl-6'-aminoisocyanine iodide. 

17. I : i'-Dimethyl-6-cinnamoylisocyamne iodide. 

18. I : i'-Diethyl~6-ethoKy-6'-methoxyisocyanine iodide. 

19. I : i'- Dimethyl-2 “Cyanoisocyanine iodide. 

20. i-Ethyl-i'-methyl-2'-pheaylisocyanine iodide. 

i ; i’~Dimethylisocyanine iodide, CgiHi^Ngl, has been 
found by Mills and Pope to be of relatively little use as a 
photographic sensrtiser, though the homologous compound, 
substituted by methyl in position 6, is the very useful „Pina- 
verdo^^ 

I : I'-Diethylisocyanine iodide, C23H23N2I, was discovered 
by Spalteholz (Ber., 1883,1(^1851) who assigned to it the 
formula C23H25N2I, and almost simultaneously by Hoogewerf 
and van Dorp {Rec. trav, chim,, 1884,5,346) who prepared 
the salt by dropping caustic potash lye (i molecule) into a 
boiling mixture of i part of quinaldine ethiodide and i .9 parts 
of quinoline ethiodide in 25 parts of alcohol. The solution 
was partially evaporated, the separated material dissolved in 
alcohol, precipitated by ether and recrystallised from 50 per 
cent alcohol. 

The I : i -diethylisocyanine salts are referred to as 
„Ethyl Red^' by Miethe and Bock. Miethe made the dis- 
covery {Chemische Industrie, 1903, 2 ( 5 , (3), 54) that ethyl red 
was far more powerful in its effects than the cyanine dyes, 
sensitising fairly evenly from the ultra-violet to[ orange, also, 
that plates sensitised with it worked cleanly. 

Pinaverdol or Sensitol Green is a salt of i:i^:6-Tn- 
methylisocyanine (Mills and Pope, Phot, /., 1920, 60, 188; 
Wise, Adams, Stewart and Lund, /. Ind. Eng, Chem,, 1919, 
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Jij 460). According to D. R. P. 167 159, an alcoholic solution 
of 6 grams of caustic potash is added to a boiling solution 
of 28 grams of />-toluquinaldme methiodide and 55 grams of 
quinoline methiodide in about 800 ccJ of alcohol. 

Mills and Pope boiled 80 grams of quinoline methiodide 
and 41 grams of ^-toluquinaldine methiodide with 6.65 grams 
of sodium hydroxide dissolved in 1600 cc. of alcohol. The 
isocyanine iodide crystallised on coolingj and was purified by 
recrystallisation from methyl alcohol. 

Two modifications are known, a labile one which sepa- 
rates as minute dark purple felted needles, the stable form 
consists of elongated rectangular plates showing an olive 
green metallic reflex. Crystallographic data are given by 
Wherry and Adams (7. Wash. Acad. ScL, 1919,9,396), spec- 
trographs are given by Mills and Pope and also by Valenta 
{Photog. Corresp., 1903,359) and Newton and Bull (Phot. 
1905,^5,15). , 

Very similar sensitising effects are given by the isomeric 
1:1’; 6'-trimethylisocyanine iodide obtained from ^-tolu- 
quinoline methiodide and quinaldine methiodide. 

Comparison of i : i’-dialkyl-6-methylisocyanines in which 
the two alkyl groups are methyl, ethyl, n-propyl and! n-butyl 
show^. that the total induced sensitiveness steadily diminishes 
as the molecular weight of the dye is increased. This diminu- 
tion of sensitiveness is especially marked in the green and red 
(Mills and Pope, loc. cit., 191; compare Sheppard, Phot. /., 
1908, .#5,311). 

Pinaverdol is a better sensitiser than the simpler salts 
of I : i^-dimethylisocyanine, the maxima shown in spectro- 
graphs being more nearly equal and less marked in the case 
of the higher homologues. 

i:P : 6 : 6 '-Tetramethylisocyamne iodide , is obtained from 
/^-toluquinoline methiodide and /^-toluquinaldine methiodide. 
According to D. R. P, 167 159 it makes the photographic 
plate 2^/2 times as sensitive in the red as the isocyaiiine from 
' quinoline and quinaldine. The corresponding compound 
from the ethiodides was only iVg times as effective. 
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The following directions are given for the preparation 
of the dye. 30 grams of />-tohnininaldine ethiodide .-liK! 
58 grams of />-tolufiuinolinc cthiodide are dis.solved in Stx) cc. 
of hot alcohol and 6 grains of caustic potash dissolved in 
alcohol added. The formation of dyestuff is coinpleu- in a 
few minutes, it is precipitated by ether and purified by recry- 
stallisation from water and alcohol. 

Shining dark green prisms, ea.sily soluble in hot ali oliol, 
more difficultly in hot water and very sparingly in cold water 
with reddish violet colour. 

Shortly afterwards (D. R. P. 167770) a further patent 
was taken for the u.se of nieta and para alkyloxylated quino- 
linium and quinaklinium salts such as 



CH, I CH, I 


For dyes derived from these, simitar advantages were claim- 
ed. Two examples may be quoted from this patent. 

:. 30 grams of /i-toluquinaldinium cthitKlide and 65 gram* 
of />-methoxyquinolinium cthiodide are dissolved in 500 cc. 
of alcohol and the boiling solution treated with 6 to 8 gram* 
of caustic potash dissolved in 100 cc. of alcohol. 'Hte colour- 
ing matter is precipitated by addition of ether and cry*talli»ed 
from alcohol. Shining brown leaflets, easily soluble in 
alcohol with a reddish violet colour. 

2. 10 grams of />-methoxyquinaldine etlilwlide and 

20 grams of ^-toluquinoline ethiorlidc are clissolvctl in too cc. 
of methyl alcohol. To the boiling solution a solution of 
2.5 grams of caustic potash is added. The colouring matter 
is isolated by partially evaporating the methyl alcohol and 
then purified by repeated solution in alcohol and washing 
with ether. 

Pimehrome has been stated to be r : i'-Diethy!-6.e{boxy. 
6'-methoxyisocyanine iodide, thi.* seems to be confirmed by 
the apparent identity of sensitising action effected hy com- 
merdal Pinachromc and the product formed on heating 4 
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red' solution. The mass is dried, crushed and tarry matters 
extracted by ether; the residue is finally crystallised from 
alcohol or chloroform and ether. Steel blue crystals, soluble 
in' chloroform, acetone, alcohol and water, insoluble in) ether, 
benzene and ligroin. 

2. 156 parts of 2 : 6-diniethylquinoline (i. e. /^-toluquinal- 
dine) and 125 parts of dimethyl sulphate are warmed' on the 
water-bath giving 282 parts of methylquinaldinium salt, this 
is dissolved in 500 parts of alcohol and! treated with 30 parts 
of caustic potash in 300 parts of alcohol. The procedure is 
then the same as that described in the other example. 

Bayer & Co. (U. S. P. 780741/1904 of Berendes, D. R. P. 
170048/1903) also used the addition products of quinoline 
bases with the alkyl esters of alkylsulplionic acids. The dyes 
obtained are said to be useful sensitisers as they do not pro- 
duce fogging and have favourable absorption spectra. The 
following examples are given. 

1. 143 parts of quinaldine and 138I parts of ethyl ethane- 
sulphonate, C2H5SO2 • OC^Hg, are heated on the water-bath 
until soluble in water, the product dissolved! in 500 parts of 
alcohol and treated with a 10 per cent solution of 30 parts 
of caustic potash. The alcohol is then distilled off, resinous 
matter extracted by ether and the residue dissolved in chloro- 
form and evaporated. Purification is effected by crystallisation 
from a mixture of alcohol and ether or other suitable solvent. 
Bronze green needles, difficultly soluble in w^ater with reddish 
shade, the solutions in alcohol and chloroform are violet. 

2. 143 parts of quinaldine and 186 parts of ethyl benzene- 
sulphonate are combined at 140®, the product dissolved in 
600 parts of alcohol and treated with an alcoholic solution 
of 30 parts of caustic potash. Then proceed as in the last 
example. 

3. 143 parts of quinaldine and 279 parts of ethyl p-hro- 
motoluenesulphonate are combined at 130 — 140 ^ The pro- 

i) The absorption spectra will depend on the homologues or 
derivatives of quinoline which are employed, not on the fact that 
alkyl esters of alkylsulphonic acids are used. 
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duct is crystallised from alcohol. 42.2 parts of the salt are 
dissolved in twice its weight of alcohol and acted on by an 
alcoholic solution of 3 parts of caustic potash. 

4. 155 parts of ^-toluquinaldine are treated with 200 parts 
of ethyl />-toluenesulphonate. 

5. 143 parts of quinaldine and 186 parts of methyl p- 
toluenesulphonate. 

6. 20.8 parts of ^-bromoquinoline are condensed with 
20 parts of ethyl ^-toluenesulphonate. 20.4 parts, of the pro- 
duct so obtained together with 17.4 parts of the correspon- 
ding product from />-toluquinaldine and ethyl /^-toluenesul- 
phonate are dissolved in 75 parts of alcohol and treated with 
3 parts of caustic potash in 300 parts of alcohol. Most of 
the alcohol is distilled off, water added, the mixture shaken 
with ether and then the procedure mentioned in the other 
cases followed. 

Bayer & Co. introduced sensitisers under the names of 
Homokol, Isokol and Perikol. 

It is remarkable that a-naphthoquinaldine alkyl iodides 
should, be incapable of giving isocyanine dyes (A. G. f. Anilin- 
fabrikation, D. R. P. 158349/1904). The corresponding ^- 
naphthoquinaldines give sensitisers, their solutions showing 
an absorption band more towards the red. 

1. Add 2 parts of caustic potash dissolved in alcohol to 
a; boiling solution of 7 parts of ^-naphthoquinaldine ethiodide 
and 1 1.8 parts of quinoline ethiodide in 169 parts of alcohol. 
Formation of dyestuff is finished in 15 minutes. The com- 
pound thus produced is said to sensitise the photographic 
plate as far as the B line. 

2. 7 grams of ^-naphthoquinaldine ethiodide and 12.5 
grams of ;^-toluquinald}ne ethiodide are treated in the manner 
described. 

3. Dissolve 6.7 grams of ^-naphthoquinaldine ethiodide 
and 3 grams of quinaldine ethiodide in 100 cc. of alcohol. 
Add I gram of caustic potash in alcoholic solution and boih 

The general sensibility of plates prepared with aid of 

6 * 
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these compoundsi and) the shortening of the exposure for the 
red are claimed as great advantages. 

Carboeyanines 

Closely related to the Cyanines and Isocyanines are 
compounds such as Pinacyanol, introduced as a sensitiser by 
Meister, Lucius and Briining (Brit. P. 16227/1905; F. P. 
361686/1905; D. R. P. 172118/1905). Whilst isocyanines are 
formed from mixtures of quinoline and quinaldine alkyl 
halides, an intense reddish purple colour accompanying the 
change ; a deep blue colouration is produced if formaldehyde 
is also present. Substances produced by such reactions will 
be referred to as Carboeyanines in accordance with the sug- 
gestion of Mills and Pope (Phot. 1920, do, 256). 

Three structures have been proposed for these com- 
pounds, viz., 

C0=C:Ch(X) 

NR N 

/\ 

I R X II 




Formula I is due to O. Fischer (/. pr. Chem.j 1918, 
204) ; it assumes condensation between equimolecular pro- 
portions of formaldehyde and quinoline and quinaldine alkyl 
iodides. Formulai II was proposed by Wise, Adams, Stewart, 
and Lund ( 7 . Ind. Eng. Chem., 1919, ii, 460), whilst the struc- 
ture represented by III was adopted by Mills and Pope and 
confirmed by the work of Mills and Hamer (Trans. Chem. 
Soc., 1920,117,1550). 

Formulae II and III both assume condensation between 
two molecules of quinaldine alkyl iodide and one of formal- 
dehyde, the quinoline alkyl iodide not entering directly into 
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the reaction. Of these formulae, that of Mills and Hamer may 
be taken as definitely established. Very careful analysis 
showed that the iodide has a molecular weight of 479 
O. Fischer's formula is thus eliminated, formula 11 is very 
improbable as the structure is that of a cyanine. 

That the quinoline ethiodide does not enter into the 
reaction was discovered by O. Fischer, whilst Mills and 
Hamer (compare also Mills and Pope) find that the same 
I : i'- diethyl -6:6'- dimethylcarbocyanine iodide is produced 
from - toluquinaldine ethiodide, formaldehyde and alkali, 
whether quinoline ethiodide be present or not. 

By oxidation' of diethylcarbocyanine bromide with dilute 
nitric acid, quiiialdinic acid ethyl nitrate 



N 


C,lh NO, 

is formed the yield being about 90 per cent of that theo- 
retically obtainable from one quinaldine residue of a pina- 
cyanol molecule. This points to a probable grouping 

CO-CH-i- 

N 

C,hO^ 

After removal of the quinaldinic acid ethyl nitrate, the 
residue gives i - ethyl - 2 - quinolone on oxidation with al- 
kaline ferricyanide, i. e. union with the other residue must 
also be through position 2. 

Of the alternative formulae 

QQ=CH.CH,-CH,(X) (X)=rCH-CH:CH(X) 

NQH, N NQH. N 

between which, analysis can scarcely decide definitely, the 
latter with its chain of conjugated double linkages is far 
more probable for a substance of the deep colour of pina- 
cyanol, whilst the extra double Miikage tgrees better with 
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the actual nearly quantitative formation of ([uinaldinic acid 
ethyl nitrate. 

The iodides of the carbocyanines are for the most part 
sparingly soluble, and are best crystallised from methyl alco- 
hol in, which they form deep blue solutions becoming reddish 
purple on dilution with water. 

Although the carbocyanines arc formed by condensation 
of two molecules of an alkylquinaldinium salt with one of 
formaldehyde, it is found that a better yield is oljtained if a 
quinoline alkyl iodide is also present. 

Mills and Pope have prepared the i8 following carbo- 
cyanines and tested their action (Phot.J., 1920, do, 255). 

1. I : I’-Dimethylcarbocyanine iodide. 

2. 1:1’- Dimethylcarbocyanine chloride. 

3. I : I’-Diethylcarbocyanine iodide. 

4. I ; I Diethylcarbocyanine bromide. 

5. I : I ’ : 6 : 6’- Tetramethylcarbocyanine iodide. 

6. 1:1’- Diethyl - 6: 6’- dimethylcarbocyanine iodide. 

7. I : i’- Di - n - propyl -6:6'- dimethylcarbocyanine iodide. 

8. I : I’-Di -M- butyl -6: 6’- dimethylcarbocyanine iodide. 

9. I : i’:6:6’-Tetraethylcarbocyanine iodide. 

10. I : i’- Diethyl -6:6’- dibromocarbocyanine iodide. 

11. I : i’- Diethyl - 5 : 5’ (or 7 : 7') - dibromocarbocyanine 
iodide. 

12. I : i’- Diethyl -6:6’- diacctaminocarbocyanine iodide. 

13. X : i’- Diethyl- 6:6’- diaminocarbocyanine iodide. 

14. 1 : 1’- Diethyl -6:6’- dimcthoxycarbocyanine iodide. 

15. I : i’-Diethyl-6:6’-diethoxycarbocyanine iodide. 

16. r : 1’- Diethyl - 5 : 5 ’- diethoxycarbocyanine iodide. 

17. I : i’- Diethyl - 6 : 7 : 6’ : 7’- dimethylenedioxycarbocyanine 
iodide. 

18. 1 : 1’-Diphenoxyethylcarbocyanine iodide. 

Finacyanol or Smsitol Red is No. 3 of these cotnpotinds 

(Mills and Pope, Phot. /„ 1920, 6o„ 256), its preparation is 
also <tescribed by Wise, Adams, Stewart and Lund (J. Ind. 
Chem., 1919, rr, 460). Mills and Pope proceed as follwvs. 
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heating on the water-bath is continued for h«alf-an 4 iotir. On 
cooling, the dyestuif separates as crystals with a green met- 
allic reflex. The blue aqueous (sparingly soluble) or alcoholic 
solutions are not decolourised by carbon dioxide, but the 
colour disappears if dilute mineral acid or acetic acid is adcicc! 
in sufficient excess. 

2. 20 parts of quinoline mcthochloride and 30 parts of 
toluquinaldine ethiodide are dissolved in 500 parts of hot 
water. 18 parts of 40 per cent formahlehyde and 25 parts 
of t 6 per cent caustic soda are added in succession and tiie 
mixture heated for a short time to boiling. 

3. Dissolve 30 parts of quinaldine elhoxide in 150 parts 
of hot pyridine, add to parts of 40 per cent formaldehyde, 
then TO to 15 parts of 16 per cent caustic soda. Boil for some 
minutes, cool, dilute with 500 parts of water* Wash the 
dyestuff with water and crystallise front methyl or ethyl 
alcohoL 

The patent recognises the possibility of converting the 
sparingly soluble halide salts into more soluble nitrates by 
double decomposition with silver nitrate. 

The same ready solubility may be achieved (D. R, P. 
175034/1906, Addit. P. to 172 188) by using alkylqiiinoliniiim 
(and quinaldinium) alkyl sulphates. The following examfile 
is given. 

a) 13 parts of quinoline are mixed with the olciiiateci 
quantity of dimethyl or diethyl sulphate and heafecl to 
120— 150 ^ 15 parts of quinaldine are treated in a rirnilar 
manner. 

b) In place of dimethyl or diethyl sulphate, ethyl toliieiie- 
sulphonate (CH^ * QH4 * SO^OCgHg) may be iisecL 

The mixture of both salts obtained accorcling to pro- 
cedures a) or b) is dissolved in alcohol, 10 parts of 40 fier emt 
formaldehyde and 25 parts of 15 per cent caiiitlc socit solii- 
tion added, boiled a short time under reflux and poured Into 
sodium sulphate solution. The dyestuff is then crysfafliscd 
from alcohol or water. 

Meister, Lucius and Briining (D. R. P. 
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Addit. P. to D. R. P. 172 188) subsequently claimed that the 
alkali used to bring about the condensation might be ad- 
vantageously replaced by alkali sulphite. Thus 57 parts of 
quinoline ethiodide, 60 parts of quinaldine ethiodide and 100 
to 400 parts of sodium sulphite (or other sulphite) are dis- 
solved in 1 500 parts of hot water and 60 parts of 40 per cent 
formaldehyde added. Heating on the water-bath is', continued 
until no further formation of dyestuff is observed, the mate- 
rial is then collected and crystallised from methyl alcohol. 

The same firm took further additional patents to D. R. P. 
172118. In D. R. P. 189942/1906 it is stated that formal- 
dehyde may be replaced by glyoxylic acid, in this case a 
leuco- compound is first produced which is subsequently oxi- 
dised. Two examples are given. 

1. Dissolve 5 parts of quinoline ethiodide and 6 parts of 
quinaldine ethiodide in 100 parts of water, add 4 parts of 
sodium glyoxylate and 2^/^ parts of soda ash and warm for 
a short time on the water-bath drawing air through the solu- 
tion. The precipitated dyestuff, identical with that of D. R. P. 
172118, is filtered off and crystallised from methyl alcohol. 

2. 2.5 of soda ash are added to a solution of ii partsi of 
quinaldine ethiodide and 4 parts of sodium glyoxylate in 
100 parts of water, the mixture heated for a short time on 
the water-bath, allowed to cool and a solution of 5.6 parts 
of potassium persulphate added slowly with continuous 
stirring. 

In D. R. P. 200207/1907 it is stated that the formal- 
dehyde may be replaced by chloroform, bromoform or iodo- 
form. As an example, 5 parts of quinoline ethiodide and 
6 parts of quinaldine ethiodide are dissolved in 200 parts of 
alcohol, 7 parts of chloroform and 15 p^xts of 15 per cent 
caustic soda solution added and then boiled for 2 hours und^r 
reflux. 

By the joint action of alkali and an oxidising agent, 
quinaldinium salts give another class of dyes, „dicyanine^' 
belongs to this group. Dicyanine is not suitable for general 
photographic work but has been used for the lower region 
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(infra-red) of the spectrum (Mees and Wrattcn, Phot./,, I9c^, 

40, 25). 

Dicyanine is derived from 2:4- dimethyl - 6 - ethoxy- 
quinoline. In order to prepare this base, Mikeska, Haller 
and Adams (/. Am, Chem. Soc., 1920, 42, 2392) condense 3CX) 
grams of acetone with 200 grams of paraldehyde by means 
of hydrochloric acid at o® and add 300 grams of j^-phenetidine 
dissolved in 600 grams of hydrochloric acid of sp. gr. 1.2. 
The mixture is then heated for two hours iinder reflux, 
cooled, caustic soda added and the bases extracted by ether. 
The extract is dried, the ether distilled off under reduced 
pressure and excess of phenetidine acetylate<i by acetic an- 
hydride. The quinoline derivative is then dissolved out by 
hydrochloric acid, liberated by addition of caustic soda, ex- 
tracted with ether, dried and distilled. Traces of phenetidine 
are removed by hydrochloric acid and sodium nitrite after 
which the base is once more liberated, extracted, dried and 
distilled. A final purification is eflfected through the sulphate, 
the base being dissolved in its own weight of 95 per cent 
alcohol and then treated with an equal weight of alcohol 
containing ro per cent excess of the calculated quantity of 
sulphuric acid. The sulphate is collected, the base liberated 
and distilled. In this way 75 grams are olitained, Ik p. 
314— 316 ^ 

When the ethiodide of this diniethylethoxyc|iiiiiolirie is 
acted on by sodium niethoxide, air being allowed access, 
Dicyanine A iodide (A IV) is produced. Dicyanisie A nitrate 
(A VI) can be obtained by the action of sodiiini etlioxhlc in 
presence of air on the corresponding ethonilrate. 
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CHAPTER V. 

SYNTHESIS OF ACRIDINE AND ITS DERIVATIVES 


Acridine occurs in crude anthracene ; its constitution may- 
be expressed by one of the following formulae. 



HC 

HC 


CH N CH 



CHCHCH 


It has been obtained synthetically and numerous methods of 
building up the acridine nucleus have been devised. 

I. Acridine is obtained by heating diphenylamine with 
formic acid and zinc chloride (Bernthsen, Annalen, 1884^ 224, 3) 
or formyldiphenylaraine with zinc chloride. 


N N 

oiX)--°-aDo 

CH 


CHO 


It alo results when oxalic acid, diphenylamine and zinc 
chloride are heated together. 

Various modifications of this general reaction are known, 
thus if diphenylamine and zinc chloride be heated with benzoic 
acid, 5 - phenylacridine is produced. 

2. Chloroform, diphenylamine and aluminium chloride 
furnish acridine (O. Fischer and G. Korner, Ber., 1884, if, 
loi). 


N 


CeH, . NH • CeHs + CHCI* 3HCI + CeH,< 



3. By passing phenyl - e - toluidine through a red-hot 
tube (Graebe, Ber,, 1884, 17, 1370). 


- 2H, + CeH,<gC.H* 


N 


4. Acridine is formed in small quantities by heating 
benzaldehyde with amline to 260® (Mohlau^ B#r., 1886, ip, 
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5. By reduction of o-nitro diphenylmethane (O. Fischer, 
Ber., 189s, 28, 1335). 

CHa CH 


6. By distillation of 0 - aminodiphenylmethane over lead 
oxide (O. Fischer and Schiitte, Ber.^ 1893, 26, 3086). 

N 

Qnh, 

CH, CH 


0 


+ 2PbO=2Pb4-2HjO + 


030 


7. By heating 2 : 2’- diaminobenzophenone with zinc dust 
(Staedel, Ber.^ 1893, 2d, 3364). 


4 . zn = Zn O + NH 3 + 0^)0 

CO CH 


8. Heat 20 grams of salhydranilide with 25 grams of 
phosphorus pentoxide (Blau, Monatsh., 1897, 18, 124). 

N N 

0 “ 

CH CH 


0=H.o+0:1^0 


9. Pass the vapour of benzylaniline through a hot tube 
(H. Meyer and A. Hofmann, Monatsh,, 1916, 3/, 681). 



The reaction is said, to go so easily as to be used with 
advantage in the preparation of acridine* 

(The foregoing reactions establish the constitution 
assigned to acridine, confirmation being afforded by the fact 
that acridine yields acridinic acid (qui noline-dicarboxylic 
acid), Graebe and Caro {Ber,, 1880, 13, 100) when oxidised. 

10. Chrysaniline, a yellow dye formed as a bye-product 
in the rosaniline process, is a diaminophenylacridine formed 
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by the removal of hydrogen from one molecule of para- 
toluidine andl two of aniline. 



II. Aldehydes and w-diamines can, in many cases be 
condensed to derivatives of tetraaminodiphenylmethane ; 
from these ammonia is removed by heating with hydrochloric 
acid and the resulting substituted dihydroacridine may be 
subsequently oxidised. 


CH,0 + 2 


CH,V 


= H,0 + 



NH N 



An analogous reaction consists in condensing formal- 
dehyde with two molecules of aminocresol (CH3 : OH : NHjj 
= 1:2:4); by elimination of ammonia and removal of two 
atoms of hydrogen, dihydroxymethylacridine is formed (Cas- 
sella and Co., D. R. P. 120466/1900). 

12. Paraminobenzaldehyde condenses with m-amino- 
diphenylamine and homologous compounds, yielding substan- 
ces which may be oxidised to acridine derivatives (Badische 
Co., D. R. P. 102 072/1897). 



13. Analogous phosphine colomring matters are obtained 
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from j^-aminobenzylidineaniline (or homologttes), and a m- 
diamine 



It should be noted that the first product of condensation is 
a leucoauramine. Alternatively, the diamine and the 
aldehyde may be condensed first and then heated with the 
monamine. 

14. A very similar synthesis is due| to Ullman and Naef 
(5^^,1900,^5,915). Formaldehyde and w-toluylenediamine 
are condensed to tetramethylditolylmethane, this when heated 
with 2-naphthol gives methylaminonaphthacridine. 



Alternatively, formaldehyde and 2 - naphthol may be con- 
densed to dihydroxydinaphthylmethan-e and one of the na- 
phthol groups removed by heating with m-toluylenediamine 
and its hydrochloride (loc, cit,,oi2 and D.R.P. 104748/1898). 

Yet another variation is to condense anhydroformal- 
dehyde, m - toluylenediamine and 2 - naphthol in presence of 
ferric chloride (P. Julius and W. Reese, U. 8. P. 644324/1899) 
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or sodium acetate at i6o — i8o® (Ullmann and Naef, loc. 
cit., 916). 

15. Dialkyl - w - aminophenols condense with diformyl- 
diamines (J. R. Geigy, D. R. P. 161 699/1903). 


R,N/^OH ^ ^H-|QnH-CHO ^ R,N 



NHj 

CHs 


4-H-COOH. 


Acridine 

This base was discovered by Graebe and Caro ( Annalen, 
1871, 158, 265) who found that it accompanied the crude 
anthracene obtained from coal tar. For its isolation, the 
portion of the tar distilling at 300 — 360® was extracted by 
dilute sulphuric acid and precipitated by potassium dichro- 
mate, the precipitate recrystallised from hot water and then 
decomposed by dilute ammonia. The free base was then 
dissolved in hot dilute hydrochloric acid, from this solution 
acridine hydrochloride was thrown out by addition of an 
excess of concentrated hydrochloric acid. From this salt the 
free acridine was liberated by ammonia. 

The isolation of pure acridine from coal tar involves its 
separation from other basic compounds of a nearly related 
character; in the synthetic preparation from diphenylamine 
and formic acid (or by an equivalent process) a substance 
is obtained free from homologous bases. Bernthsen has 
described several syntheses (Annalen, 224, 2). 

(i.) From formic acid and diphenylamine. 50 grams of 
formic acid (s. g. 1.22), 175 grams of diphenylamine and about 
100 grams of zinc chloride were warmed carefully. After 
shaking so as to obtain an uniform liquid, the melt was kept 
for some time at 150 ^ then atj 210® and finally at 270 ^ care 
being taken to avoid evolution of carbon monoxide as far 
as possible. 

After one or two days’ heating, the melt was cooled, 
dissolved in alcohol and poured into excess of caustic soda 
solution. The upper alcoholic layer containing acridine and 
unaltered (fiphenylamine was evaporated and the residue 
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extracted several times with hot hydrochloric acid. The solu- 
tion now contained acridine and diphenylamine as hydro- 
chlorides, addition of alkali liberated the free bases which 
were taken up in ether and the ethereal solution shaken 
repeatedly with small quantities of hydrochloric acid. The 
resulting solution of acridine hydrochloride was precipitated 
with ammonia and the base recyrstallised from a large qiiaii- 
tity of hot water. 

Variations of the method of separating acridine from 
unchanged diphenylamine are described, they depend like 
the one given in detail above on the easier hydrolytic di.s- 
sociation of diphenylamine hydrochloride. The yield from 
diphenylamine and formic acid is poor. 

(n.) From Pormyldiphenylamine. 23 grams of this 
compound and 45 grams of zinc chloride were heated first 
to 190—200^, then to 220^. Yield poor (Bernthsen, lac. di., 
p.<5). 

(m.) From oxalic acid and diphenylamine. 75 grams of 
oxalic acid, 100 grams of diphenylamine and 150 grams of 
zinc chloride were melted together, the heating was regulated 
so that although steam and gas were evolved, very little 
formic acid escaped. In the course of two days, the tempera- 
ture was gradually raised to 260^. hVom the re.sulting melt, 
acridine was liberated but was more difficult to purify than 
that obtained by other methods (loc. cit.). 

(iv.) Prom chloroform and diphenylamine. Zinc chIori<le 
was used as condensing agent (Bernthsen, loc. cit., p. 10; 
compare O. Fischer, Ber., 1884, if, 101). 

Acridine crystallises from water In leaflets or broa<f 
needles, M. P. 107*, B. P. above 360*. It sublimes in needles 
and is fairly volatile in a current of steam. It dissolves easily 
in alcohol and other organic solvents, these solutions exhibit 
a blue fluorescence. It is slightly soluble in boiling water. 

On oxidation with permanganate, acridinic acid i.s ol>. 
tamed (Graebe and Caro, Ber., 1880, ij, 100). 

C„H,N +90 = C,H,N (COOH), + 2 CO, + H,C > 
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Other addition products of alkyl iodides and acri 
and its derivatives were subsequently described, they ar 
coloured compounds but when their solutions arc tre 
with alkalies, colourless precipitates, soluble in org'aiiic 
vents, are obtained. This behaviour is explained by the 
mation of pseudo-bases (carbinols) which then ^ ^ 

ture of 5-alkylacridone and 5-alkyldihydroacndine. 


nr 



The chemical proof of this explanation was given 
Pictet and Patry (Her., 1902,55,2536). Acridine methio^ 
was treated with alkali and distilled in a current of ste 
A non-volatile compound crystallising in long yellow tiee< 
and melting at 201 ^ was thus obtained, it was identifiec 
the methlylacridone prepared by Decker (/. pr, Chem», ll 
xr, 45, 161) and Graebe and Lagodzinski {Annalen^ - 
47). The steam was found to have carried over a vob 
compound! of m. p. 96 ^ analysis showed this to be N-meti 
dihydroaeridine. 

H. Biinzly and H. Decker (Ber,, 1904, 57, S/Ci) foi 
tliat 5-methylacridone reacted with phenylmagnesimin t 
mide giving a carbinol Imse from which 5-phenyhl0-mctl 
acridinium salts could be obtained. 

C. K. Tinkler (Trans. Chem. Soc., igoS^ 8p^ 858) ! 
further shown that whilst the absorption spectmtti of 
methylacridinium iodide closely resembles that of acrid 
hydrochloride, the character of the absorption is radio 
altered by addition of alkali to the solution and now reii 
bles that of dihydroaeridine (Compare also H. Decker, A 
Chem., 1893, n, 47 ^ 222 ; Hantzsch, Her., 1899, 3 ^^ ; LhM. 

Lauder and Tinkler, Trans. Chem. Soc., 1904, 1005 5 *9 

87, 269). 
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red needles, m. p. 185 ®, the corresponding carhinol base 
forms small white crystals melting at 187®. 

The methyl group in 5-methylacridine is reactive, thus 
on warming a benzene solution with anhydrous chloral, aldol 
condensation takes place with formation of methylacridine- 
chloral, 

(C„H«N) ■ CH3 ■ CHOH • C'C1». 

(Bernthsen and Muhlert, Bcr., 1887, ^0, 1543). 

3-Methyl acridine. This compound was obtained by heating 
phenyldiaminoditolylmethane with zinc dust. M. 1*. 
(Ullmann, /. Pr. Chem., 1887, ii, 36 265). 



5. Isobuy lacridine, • CH, - CH (Cl I,)... was obtained 

by heating 30 grams of diphenylamine, 30 grams of valeric 
acid* and 50 grams of zinc chloride for 20 hours at 200—220® 
(Bernthsen, Annalcn, 1884,224,41). Lsolation of the base 
from the resulting tar is difficult and Bernthsen records no 
melting point. Tlie hydrochloride melts at 191 the nitrate 
at 139®. 

3-Phenylacridine, C,bH„N • CbH„, was fir.st obtainetl by 
Bernthsen by heating benzonitrile with diphenylaniine hy* 
drochloride to 230 — 250® {Annalen, 1878, ;p2, 19), He siibse- 
quently (Annalen, 1884,24,12) prepared the coitt}K>und by 
heating benzoyldiphenylamine with its own weight of zinc 
chloride for .some hours at 210—230® an<! finally for lo hours 
at 260 — ^280®, or, alternatively, by heating 50 grams of 
benzoic acid with 70 grams of diphenyiamine and 150 grams 
of zinc chloride for to hours at 260®, In the latter case, tlie 
solidified, brittle melt was powdered, dissolved in hot alcohed, 
poured into excess of strong ammonia and, after standing 
some time, considerably diluted. Diphenylamine %vas rt*. 
moved from the precipitate by washing with cold almlioi, 
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and the residue crystallised from hot alcohol in which it is 
somewhat soluble, or from benzene in which it is readily 
soluble. In the latter case the base separated with benzene 
of crystallisation. M. P. i8i B. P. 403 — ^405^ (uncorr.). 

Dunstan and Oakley 1906, jp, 977) separate un- 

altered diphenylamine from phenylacridine by extraction 
with petroleum ether of low boiling* point. A number of salts 
have been described (Bernthsen, Dunstan and Oakley). 

Reduction of the hydrochloric acid solution with zinc 
dust gives dihydrophenylacridine, m. p. 163 — 164 which has 
very slight basic properties ; by chlorination and bromination, 
Dunstan and Oakley obtained dichloro- and trihromo-Atn- 
vatives (Ber., 1906, jp, 981). 

5 - p - Chlorophenylacridine, obtained' from p - chloro- 
benzoic acid, diphenylamine and zinc chloride, does not melt 
below 270^ (Dunstan and Hilditch, Trans. Chem. Soc., igoy, 
pi, 1661). This compound gives a dibromo-derivative. 

5 - - Bromophenylacridine, m. p. 234 ^ (uncorr.) is ob- 
tained by condensation of /^-bromobenzoic acid with diphenyl- 
amine (Dunstan and Stubbs, Ber., 1906, jp, 2402). On brom- 
ination, two further atoms of bromine are taken up. (Dunstan 
and! Plilditch, loc. cit,, 1663). 

By energetic nitration, Bernthsen ( Annalen, XS84, ^^4, 
29) probably obtained a trinitro-compound (the analysis is 
unsatisfactory) the complete reduction of which furnishes a 
leuco-base which readily passes into a dyestuff (triamino- 
acridine) capable of dyeing silk yellow. 

A dinitro-compound results when 2.5 grams of phenyl- 
acridine are dissolved) in 7.5 cc. of sulphuric acid and treated 
with 1. 45 cc. of nitric acid mixed with $ cc. of sulphuric acid. 
This compound still possesses fairly marked basic properties 
which the trinitro-compound does hot. It may be reduced 
to a cfiarmnophenylacridine which Bernthsen considered was 
an isomeride of chrysaniline. The latter compound had been 
shown to be a diaminophenylacridine by O. Fischer and G. 
Korner phenylacridine being obtained after removal of two 
amino groups (Ber., 1884, 17, 2037 1^4, 226, 184). 
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Dunstan and Oakley (lac.ciL) assume that the nitro 
groups enter positions 2 and 8, i. e. that tlie dinitroplienyl 
acridine and the diamino compound formed from it by re- 
duction have the respective formulae 



On sulphonation with three times its weight of a mixtorr 
of concentrated and fuming sulphuric acids, |>henyla€riciiiie 
yields a disulphonic acid, isolated 1)y Hernthsen as tlie sodiiiiii 
salt (Annalcn, 1884,22^,32). By alkaline fusion a conipcnincl 
was ol)tained in poor yield, possibly a dihydroxyplienyl- 
acridine. 

Phcnylacridinmm compounds. When phenylacricline is 
heated with an excess of methyl iodide in a sealed tii!>e to 
70—100^, phenylacridine methiodide is produced, this sepa* 
rates from hot alcohol in brownish black crystals {Berntliseti, 
Annalen, 1884, 224, 20). It is characterised as a quaternary 
iodide by the fact that it decomposes into its componenis 
on heating; this decomposition is Iiowcver incoinj>lete 
(Decker, Ber., 1905, j<?, xiSS)* Phenylacridine, like other 
tertiary bases, may be converted into methylacricliniiirn flails 
by the use of methyl sulphate (Decker, toc.cii., 1148). 

The carbinol base, precipitated from ac|tie«nis solulioiis 
of the iodide by addition of caustic soda, crystalliies frorii 
alcohol in triclinic prisms (Osann, Ben, 1886, 19,427) and 
melts at 108*^ with development of a red coloisr* Bernlliscti 
assigned to the carbinol base the formula of a qitalernarf 
ammonium hydroxide, as he considered the salts ami the 
base must have analogous constitutions. 

Decker (/. Pr. Chem., 1892, xi, 45, i6i) also examined tlili 
compound, but strangely enough did not mmgn to it a 
carbinol formula, ^^ilthough he had recognised the fact tfitl 
when quinolinium salts are acted on by alkali, the hydffixyl 
wanders from nitrogen to carbon* A. Hantaseh and M* Kiib 
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(^5^^,1899,^^,3121) showed however that when an equi- 
valent of caustic soda was added to a solution of lo-methyl- 
5-phenylacridinium chloride, the solution at first possessed 
the electrolytic conductivity; of a hydroxide but this gradually 
sank to the value required for sodium chloride. This fall in 
conductivity is accompanied by the precipitation of 10- 
methyl-5-phenylacridoL 

Hantzsch and Kalb (loc. cit., ^126) further found that 
the addition of potassium cyanide to a solution of a methyl- 
phenylacridinium salt led to the precipitation of a colourless, 
crystalline cyanide of m. p. 176®. The union of hydroxyl or 
cyanogen ions with methylphenylacridinium ions may there- 
fore be expressed by the equation 

CH«N* CHgN 

0|0+°h'<"cn-)-c^ 

C.iCbH (or CN) 

Confirmatory spectroscopic evidence has been given by 
Dobbie, Lauder and Tinkler (Trans. Chem. Soc., 1905, 87, 
270). 

2-Methyl- phenylacridine is obtained by heating 10 
grams of phenyl-/»-toluidine, 14 grams of benzoic acid and 
30 grams of zinc chloride for 15 hours at 260® (Bonna, 
Annalen^ 1S&7, 2 sp, 60). M. P. 135 — 136® 

2 - 0 - Carbaxyphenylacridine or Acridylben^oic acid (Di- 
|)henylaminephthalein) . 

N 

OK) 

Bernthsen obtained this compound by heating 30 grams 
of phthalic anhydride, 45 grams of diphenylamine and 75 
grams of zinc chloride for 10 to 14 hours at 180—200®^ (An- 
mien, 1884, 224, 45). The melt wasi extracted with hot alco- 
hol, the alcoholic solution poured into water and the pre- 
cipitate thus obtained, together with the undissolvedl portion 
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of the melt, dissolved in a small amoimt of caustic soda, 
largely diluted (several times), filtered and the boiling solu- 
tion treated with excess of hydrochloric acid. A small amount 
of a flocculent by-product was removed by filtration and the 
hydrochloride of the acridylbenzoic acid obtained as small 
crystals by concentration and cooling. The substance was 
purified by recrystallisation from hot dilute hydrochloric acid, 
it decomposes with partial fusion at 163 

The free acridylbenzoic acid was obtained by decomposing 
the hydrochloride with an equivalent of soda, or by carefully 
adding hydrochloric or acetic acid to a solution of the scKliiiin 
salt, CJI^.O^NNa, 

Acridylbenzoic acid is almost insoluble in boiling water 
and but sparingly soluble in organic solvents. M. P* 347^* 
(Deck'cr and Hock, /icn, 1904, j/, 1006). The acid solutions 
show a green fluorescence, those in alkalies arc colourless 
but give a beautiful blue fluorescence when strongly cMliited. 

In addition to the structure given above, acridylbenzoic 
acid may be represented as a phthalein or an internal salt. 
Derivatives of the various forms have been obtained by 
Decker and Hock (Bcr., 1904,57, 1002). 
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CHAPTER VL 


GENERAL ACXOUNT OF THE ACRIDINE DYESIIIMCS 

Chrysaniline or Phosphine is a' by-product of the manu- 
facture of fuchsine (rosaniline) by either the arsenic acid or 
the nitrobenzene process. It was discovered by Nicholson in 
1863 introduced as a yellow) dye, the constitution of this 
compound was finally settled by its synthesis (O. Fischer 
and G. Korner, Bcr., 1884, 207). ^;-NitrobenzaIc!cdiycie and 

aniline were condensed to n-nitro-di-/^-aminotriphenylmelhaiH% 
which was then reduced to the trianiino-compoiind and the 
latter oxidised to chrysaniline. The changes may be repre- 
sented by the following scheme. 


OaO""- 0 

Q 



,NIL 


NH, 


NH, 


NH. 


Confirmation of this constitution is afforrlcd hy the pro- 
duction of 5-phenylacridinc when the amino! grojijw in chrys- 
aniline arc replaced by hydrogen. 

Whilst pararosanilinc results from the condensation of 
one molecule of /^-toluidine with two molecules of aniline, 
both of which are attacked in thel para position to the amino 
group, chrysaniline results from a condensation in which one 
molecule of aniline is attacked in the ortho-, the other in 
the para-position. 




— y 



(+HX — dH) 


mu, 

Fararotaalm*. 
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Little technical use was made of! these observations, but 
in 1887 Oehler applied for a patent to protect the production 
of diamino derivatives of phenylacridine and its homologues, 
both amino groups being situated in the acridine nucleus 
(positions 2 and 8). The dyestuff produced with the aid of 
M-toIuylenediamine, which reacts more smbothly than w- 
phenylenediamine, was introduced under the name of Ben- 
zoflavine (D. R. PP. 43 714, 43 720, see also 45 294, 45 298). 

Two molecules of the diamine were condensed with one 
of benzaldehyde to give a tetraamino-derivative of triphenyl- 
methane from which ammonia was removed) by heating with 
hydrochloric acid. The resulting dihydi*oacridine was then 
oxidised to the corresponding acridine which formed the 
dyestuff. 

CHgx,/ \/CHg CHg 



CeH, C,H, 


Chrysaniline (in its time) and Benzoflavine found con- 
siderable application as dyes for leather. Soon after the 
discovery of the latter,| a yellow cotton dye, Acridine Ydlow, 
was introduced' by Leonhardt and Co. (D. R. P. 52 324/1889). 
This was a derivative of acridine (not of S-phenylaciidine) 
produced by similar reactions from »t-toIuylenediamine and 
formaldehyde, the latter compound having become tech- 
nically available. ■ 
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Slightly before this, application was made for the pro- 
tection of Flaveosine (D. R. P. 49850/1899), a derivative of 
5-phenylacridine-<9-carboxylic acid, obtained by the conden- 
sation of phthalic anhydride with! two molecular proportions 
of w-acetylaminodimethylaniline. 


(QH,)Nf^NHCOCH« CH^CONH^NCQH^) 


U 


QH,<cg>o 


u 


H\/- 
N 


(QHJ, N/^/\QN(C,Hs), 


Qco- 


+ CHaCOjH-fCHgCONH^. 


“O 


At a later date, the Badische Co. (D. R. P. 141 356/1902) 
protected! the direct condensation of phthalic anhydride wdth 
a mixture of a w-diaminel and its hydrochloride. 


The use of alkylated fw-diamines for the synthesis of 
acridine dyes was extended by the condensation of asym.- 
dialkyl-w-diamines with formaldehyde (A. Leonhardt & Co., 
Brit. P. 8243/1890; 'D. R. P. 59179/1889; Bender, U. S. P. 
503305. See also D. R. PP. 67609, 68908, 70065, 70935, 
71 362). The resulting tetramethyltetraaminodiphenylmethane 
lost ammonia on heating with hydrochloric acid and the 
resulting leuco-compound was oxidised in the usual way 
with ferric chloride giving Acridine Orange 




ofo^ 


N(CHa)r 


An interesting point is that Bernthsen’s direct acridine 
synthesis was utilised by Leonhardt & Co. (D.R. P. 67126/ 
1890), w-dimethylaminoaniline beeing condensed either with 
formic acid or a mixture of oxalic acid and glycerine. 

A similar idea underlies the method of heating the 
formyl derivatives of w-dianunes (either by themselves or in 
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admixture with free w-diamines) with ammonium salts at a 
high temperature (J. R. Geigy, D. R. PP. 149409/1903, F. P. 
330487/1903). Another way of introducing the, formyl group 
consists in heating the metadiamine with the formyl deriva- 
tive! of a primary amine such as aniline (J. R. Geigy, D. R. P. 
.149410/1903). 

The next few years saw considerable activity in the 
synthesis of acridine dyestuffs and at last the knowledge of 
the constitution of chrysaniline was utilised in the working 
out of methods for the production of its homologues. A 
methylchrysaniline results when />-toluidine is heated to a 
high temperature with w-nitraniline in presence of ferrous 
chloride and hydrochloric acid ; the ferro.usi salt reducing the 
nitro group whilst the ferric salt produced acts simultane- 
ously as an oxidising agent (Meister, Lucius and Briining, 
D.R. R 65985/1892). 



NHR (or NR,) ^ 

N 



If the w-nitraniline is replaced by m-nitropbenol (D.R.P. 
78377/1894) or w-nitrophenetol (D.R.P. 79263/1894) the 
corresponding reactions 

2 QH,N + C,H, (OH) (NO^ = + 3 H ,0 

2 C,H,N + QH, (OCA) (NO^ 

= + 2 H ,0 + C,H,OH 

take place. ¥ 

It would seem that the roles of the amino and nitro 
groups in the equations given above in which w-nitraniline 
is involved may be interchanged^ for homologous dyestuffs, 
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alkylated on one amino group, are obtained when />4oliiidine 
is brought to reaction with mono- or di-alky lated »f»nitraiii * 
line (Meistcr, Lucius and Briining, D.R. P. 79877/ifk}4). 


H 



The observation of R. Meyer and (J|)pelt (Bcr,, iSKB, Jf, 
3376) that fluorescein underwent the reaction 

C NH 


when heated with ammonia under pressure to a high tem- 
perature was utilised by the Badische Co. (D. R. PF. 73 334» 
75933 oi 1893) who alkylated the product. Thi.s was effecte<l 
by heating with an alcohol and an acid or with an alkyl 
halide- The actual salts produced are pn>bably of such 
types as 


R X 

V 


c,h*<;^ooh 


and 


NE 


R X 

V 




H. 


^COOR 


where R — alkyl, X =» add radicle (Decker and Hock, 
Decker and' Schenk), 

In 1894, application was made by the Badische Co. (D. 
R, P. 82989) for protecting' the conversion of certain sub- 
stituted auramines, viz.- those derived from w-phenyletie- ami 
toluylene - diamines, into dyestuffs resembling phosphines, 
TTjts was effected either by heating them by themselves or 
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with a m-diamine, either free or as hydrochloride, with or 
without a condensing agent (e. g. zinc chloride) being present 
to 170 — 210^. In this case one may suppose the following 
changes to take place, 



the leuco-compound undergoing oxidation to dyestuff. 

Shortly afterwards, similar dyes were obtained by a 
modified process, tetraalkyldiaminobenzhydrols being con- 
densed with w-diamines to the leuco bases of triphenyl- 
methane dyes, which on heating underwent further conden- 
sation (and oxidation). 


Faster dyes of a more purely yellow shade were obtained 
by Meister, Lucius and Briining (D. R. P. 89660/1895) by 
the condensation of diaminobenzophenone or its diacetyl 
derivative with metadiamines. The patentees expressly state 
that the product from w-phenylenedlamine has the proper- 
ties of an aminobenzoflavine. 



The alkylation of benzoflavine was effected by the Ge- 
sellschaft fiir chemische Industrie in Basel (D. R/P* 79703/ 
1894 and P. A. G. 9475/1895) by heating withi m aad and an 
alcohol; the resulting dyes had a more orange shade than 
the original benzoflavine. 
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The symmetrical diaminoacridines were never the; equal 
of chrysaniline and its analogues as far as fastness and 
eveness of dyeing were concerned so that syntheses of dye- 
stuffs with amino groups in the chrysaniline positions were 
always desirable. But whilst acridine yellow andl benzoflavine 
are obtained by smooth reactions, the production of phos- 
phine like dyestuffs by heating />-tolui dine with 'm-nitroamines 
and[ ferrous chloride gave indifferent yields, soi that new syn- 
thetical methods were desirable. 


The Badische Co. struck out a new line in condensing 
/>-aminobenzaldehydes with phenyl-m-phenylenediamine and 
its derivatives (Brit. PP. 14920/1897, 21496/1898; U. S. PP. 
617340, 619577; F. P. 267848/1898; D. R. PP. 94951/1897, 
102 072/1898). 



The reaction may be compared with that between formic 
acid and diphenyl- w-phenylenediamine which results in the 
formation of anilinoacridine Besthorn and Curtman, Ber.^ 
1891,24, 2042). 




NHCeHg 


+ HCOOH « 2li^O + 



Meister, Lucius and Briinii^g obtained nearly related 
diaminophenylacridines by condensing ati aminobenzylidene- 
amine with ai w-diamdne ; in this case a leuco-auramine was 
first produced and then underwent transformation, loss of 
ammonia andi oxidation (D* R. P. 106719/1898). The succes- 
sive changes as far as leuco-base may be represented in the 
following manner 
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It will have been noticed that the dyestuffs hitherto 
mentioned all contain two or three amino groups ; in* 1898 
acridine dyestuffs with only one amino group were described 
from several sources. 

Henri Terrisse and Georges Darier of Geneva werei first 
in the field (Brit. P. 20063/1898, D. R. P. 107 517 of 13. 2. 
1898; patent transferred to the Badische Co), condensing a 
w-dSamine with formaldehyde and heating the resulting pro- 
duct with a para-substituted monamine. Terrisse {Chem. Z. 
1899, 23, 286) supposed the first product to be a diaminotolyl- 
carbinol resulting frpm the reaction, 


N|0™-+CH.O 


CH,VCH,OH 


the subsequent condensation with />-toluidine giving primarily 

a monaminodimethyldihydroacridine whicli oxidises readily 

* 

to the acridine dye. ' t 


nh/\nh, , nh/^i 

CH,V’CH,OH ^ \/CH, 

=-h,o + nh. + nh^ 


NH 



'CH. 


H, 



Terrisse appears to have been wrong in assuming the 
composition of a diaminotolylcarbinol for the substance pro- 
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duced from w-toluylenediamine and formakfehyde. Schiff 
(Ber,, 1891,-^-^,2130) obtained a crystalline compound which 
he did not analyse. Ullmann and Naef {Ber,, 1^0,53,914) 
found that when the toluylenediamine and formaldehyde 
underwent condensation in a neutral mediun^ (alcoholic solu- 
tion or aqueous suspension) a substance was formed which 
gave figures on analysis agreeing far better with the for- 
mula QH10N2* The compound behaved as if it possessed 
the constitution QH, (CH^) (NH^) (N : CH^) rather than as 
the anhydride of an alcohol, for it was found to be capable 
of yielding formaldehyde which was identified by Tollens’ 
phloroglucin test (Ber,, 1899,5^^,2841). One may, perhaps, 
assume a transformation of the anhydroformaldehycJe-fii- 
toluylenediamine in the following sense 

NH/NN:CH. 

CH.k/' 

wh«nl it reacts with />-toluidine. 



Further developments of the reaction were jatented 
by the Badische Co. (D.R.PP. 1180;^, 125697/1898). 

Meister, Lucius and Pruning (D. R. P. 1(^626 of 13. 
1898) utilised o-aminobenzylarylamines (D. R. P. 105797/ 
1898). Tliese substances were obtained by condensing in 
the cold* a salt of a ^-substituted primary aromatic amine 
with the anhydroformaldehyde compound of the same anune. 

When these compounds were heated to i8o~i90* with 
a w-diamine (alone or in presencee of an oxidising agent), 
primary amine was split off and as final product a mono- 
aminoacridine obtained. 



i I t 
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I^NH, Af”. i NH,AN‘H, . 

•n.VVH,' Nn\,y ■ V'H, 

.„c:h.Anm!,nh, 'V^H , , ,, , „ .;j5 

vy f JL ^ rii. 


AK!4Nii,ANH, 

cii.vy ‘ 




■'< lit ' ^ It.' 


It: wil! lit." iiMtirrii l!i*if llir |irorr^'-^rx mI M'riii '-. -.j ,i!|»I 
Darbr aiicl cjf Md^lrr, Liriii^* iiii4 llriifiiitit I»xpI t** p-lrtiii4;i| 
.products, 

Ulliiiatiii arrived al mciiiriiiiiiwi|>iaj»litliiarridiii^ iit a 
cliffermt iiiaiiiier. Ari«i eoitdcii^alkifi of 
with fciririaidrliyflr give^ ri..^€ to iidJ'a;iitiiti*wlriiilylriirlliarir 
|'I>. K, F, 5 *^ tllifiaiiii and, Xarf, lor, rit.. 915 '!, t In liralnig 
Cf»riij,wii.irifi ttifli *1 iiaplifhol, <nir iiiMlr«nilr «»! f«. foliiylriw 
diaiiiiiin i »4 ufl and llir lriir«i vi/, niinfi«iiirlliy! 

ffihyilriiiiajililiiarridiiir; m. ji. io 5 pMidiirr'd iflrii FF, 

lfi474, iC.i475-^^iSi# 4 ; Ir i\ *4 ifir A„f# f .Ainiiti 

fabr, ; D, R* F, 


tufS 


‘-■Ji. ’ Vs VV'H. * ^ .* 

IJ ‘'«M 


ililmatin CJ>. K K »»H r*irinM «t»r »Hrlh«*4 

to the bflivt’ijii js it0jihth<4 ibr *!JO*Jro»Ati**fi 

j»roi|«et« of hcnitabjfliydi’ aiiif /».attttn<ilti'n/iii«|riiv<|r f,rr fi 
K. I*. 452 <f}) witfi wi tttliiylritr«lt.imtnr In tbr first rasr «»n#« 
obtains ,t JHonoam!notticthylj»ff»nylii»j»litb{»rrMf»nr, in iIip 
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A -very interesting production of dyestuffs of this class 
depends on the condensation of formaldehyde with 2-naphthoI 
to dihydroxydinaphthylmethane and! then heating the latter 
withj m-toluylenediamine. In this case the diamine displaces 
one molecule of the naphthol. 


NH 



More simply, one may condense anhydroformaldehyde- 
m-toluylenediamine with 2-naphthol' by heating with sodium 
acetate (Ullmann and Naef, Ber., 1900,55,916). The same 
reaction, but with addition of ferric chloride, is: described! by 
Julius and Reess in U. S. P. 644324/1899, assigned to the 
Badische Co. 

Aminoniaphthacridines have also been obtained by J- 
R.| Geigy (D. R. P. 130360) by melting together w-toluylene- 
diamine, 2-naphthol and sulphur. 


N 



Here, the methyl group of the toluylenediamine furnishes 
the meso-carbon atom. 

Ullmann extended his work in many directions and pro- 
tected the preparation of unsubstituted tolunaphthacridines 
&c. Thus in D. R. P. 117472/1898 derivatives of naphth- 
acridine are obtained by reacting with 2-naphthol on 

(a) a mixture of ■^-toluidine and anj aldehyde (in the case 
of formaldehyde, trioxymethylene is employed): 

(b) thei condensation product of one| molecule of jj^-tolui- 
<Ene with one molecule of an aldehyde : or, 

(c) the condensation product of two molecules of j^-tolui- 
dine with one molecule of an aldehyde. 
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(a) QH,(CH 3 )(NH,) + CH3O + C,„H,OH : 


,NH 


CH3-CeH3<^^>Q„H„ + 2H,0 


(b) C3H,(CH3)(N : CHR) + Q„H,OH = 


NH. 


(c) 


= CH, • + H.O 

CH, ■ QH* • C, oil, OH = 


CH,-CeH*-NH'' 

= CH. . C.H.<^^^>C.oH. + C,H*(CH.)(NH,) + H.O 

Other basesi can be used in place of />-toluidine (D. R. P. 
123260/1898) and employing acetyl-'/>-phenylenediaiTiine and 
subsequently hydrolysing, an aminonaphthacridine is pro- 
duced. N 



’It should be noticed that in this compound, the two 
nitrogen atoms are situated para (not meta) to one another 
(Ber., 1902, 35, 2670). 

Tolunaphthacridine was also prepared by the action of 
/>-toluidine on /3-dihydroxydiphenylmethane. Using bases 
such as dimethyl-m-phenylenediamine gives rise to dimethyl- 
amin:onaphthacridines (D. R. P. 128754/1898). 

The acridine dyestuffs are not always easily soluble, and 
further, not being very basic, their salts undergo hydrolysis 
somewhat easily. Ullmann remedied this defect (Brit. P. 
17426/1899; F. P. 292151/1899; D.R. P. 118439/1899) by 
acylating the amino group, adding on alkyl halid'e to the 
ring nitrogen, so obtaining a quaternary acridinium salt and 
subsequently hydrolysing the acylamino group. 
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In Ullmann’s British Patent (17427/1899) t!ie use of 
dimethyl sulphate as alkylating agent is reconirncndefh for 
solvents, benzene or nitrobenzene are employed (inimann, 
Bcr.j 1902,55,322; Ullmann and Naef, Bcr ,^ 1900,2470; U!1 
mann and Marie, Ber,, 1901,54,4307). The dyestuffs obtained 
in this manner arc more soluble and faster to alkalies, cm 
the other hand, their fastness to light is slight. 

The A. G. f. Anilinfabr. followed this up with other 
patents dealing with the alkylation of acridine dyestuffs 
(Brit. P. t820/h>cx); F. PP. 296628, 304442/r90f>; IX K. PP. 
117065/1899, 129479/1900). 

Meister, Lucius and Briining (I>. R.I*. 133788/1901 ; 
F. P. 316721) employed monochloracetic acid, tliis probably 
acted as a' methylating agent, carbon dioxide l)eing lost (See 
PViedlander, vi, 475*) 

Nastvogd (Bayer & Co. Brit. P. no35/ic^x); IX R. F. 
1 13 709/1900 ; U. S. P. 675 568/1900 ; F. P. 301 256/i9(X)) found 
that asymmetrically alkylated 2 : 8-diaminacridines rcstilting 
from the condensation and oxidation of asymmetrically ah 
kylated derivatives of tetraminodiphenyhnetliane 

N 

(cm,).nQ'^Qnh, 

CH 

po.s.scs.sed valuable propertie.s an leather <!ye8 (yellow .sliade, 
€asy solubility, eveness), the coriopho.sphines (Bayer & Co,) 
appear to be made by this process. 

The Gesellschaft fiir chcmische Industrie in Basel ( 1 ), K. 
P, 136617/1901) found that dyestuffs giving brownish orange 
shades on leather could be obtained by heating the neutral 
condensation product of one molecule of formaldehyde and 
one molecule of a metadiamine with acid under pressure. An 
explanation of the reaction was not given in the patent. 

It may be noted that L. Cassella & Co. (Brit. F. 
15064/1901; F. P. 312771/1901; D. R. P. 131 s^sfigni) ob. 
tained new, easily soluble dyestuffs from acridine yellow 
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(diaminodimethylacridine) or its leitco-compouiid by conden- 
sation with formaldehyde and a metadiamine ; the products 
dye in orange or brownish yellow shades. A supplementary 
patent (D. R. P. 132 116/1901) claimed the condensation of 
acridine yellow or its leucocompound with monamines 
(aniline etc.) and formaldehyde. 

Derivatives of acridine containing hydroxyl in place of 
amino groups were obtained by Cassella & Co, (D. R, P. 
120466/1900; F. P. 306 146/1900) by condensing aminocresol 
with formaldehyde. 




NH N 

+ CH,0 = H,0 4 - 


CH 


An alternative method of preparing such compounds is by 
removal of amino groups from acridine yellow by heating 
with mineral acids under pressure (L. Cassella & Co., D. R. 
P. 120466/1900; F. P. 306x46/1900). 


N 



4- 2 H,0 4 - 3 HCl 



In preparing dialkylrhodamines by heating phthalic an- 
hydride with monoalkyl-«t-aminophenols, alkali soluble by- 
products are obtained, these are possibly hydroxylated acri- 
dine derivatives. Their isolation is described by the Badische 
Co. (D. R. P. 121688/1899; F. P. 290452/1899: see also 
Durand, Huguenin & Co., Brit. P. 7025/1899). 

About 1900 — 1903, several patents were taken out for 
the modification of already known acridine dyestuffs. Gene- 
rally the object was to alter the shade or secure a greater 
basicity or solubility, and for these purposes, alkylation 
(Meister, Lucius and Briining, P. A., F. 16037, F. 16045; 
Leonhardt & Co., D. R, PP. 131289/1901, 144092/1902), 
treatment with formaldehyde (which probably acted as .an 
alkylating agent, Meister, Lucius and Bruning, D. R. P. 
152662/1903; Cassella & Co., D.R.P. 135771/igoi), acet- 
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aldehyde (Leonhardt, D. R. P. 144092/1902), glycerine 
(Badische Co., D. R. PP. 151206, 151207/1903), chloracetic 
acid or ester (Mdster, Lucius and Bruning, D. R. PF. 
133738/1901, 136729/1902). conversion into salts of organic 
acids (Bayer & Co., D. R. PP. 140848, 142453/1902) or siiP 
phonation (Bayer & Co,, D. R. P. 141 297/1902) were re- 
sorted to. 

It will have been noticed that in the majority of cases, 
fornmldtehyde has been itsed to sup{)ly the carbon atom of 
the middle ring of acridine compounds. J. R. Geigy ( D. R, 
P. 149409/1903) described a method in which the formyl 
derivatives of m-phenylenediamine or its homologues were 
heated by themselves or with m-diamincs in pre.sence of 
ammonium salts. This was extended (D. R. P. 161 65HJ/1904) 
to the case where the fonnyh^-diamine was heated with 
alkylated w-diamine or mono- or dialkylaminophenols, gly- 
cerine being used as a diluting agent. 


CHO-NH[ONH-CHO ^NH^N{CH,), 


CH.V 


H • COOH + NH, + 


CH, 




CHO . NHj^NH ■ CHO ^ HO^N(CH,), 


CH,V 


V 


N 


,„.cooh + h.o+™0]Y)«<‘^».>. 

' dr 


For some years, very little was done in the way of in- 
trodndng new accridine dyestuffs. In 1912, L, Cassella&Co. 
(D. R. P. 258 560, F. P. 453 880/1912) found that! brown basic 
dyestuffs, suitable for leather dyeing, are formed when m- 
toluylenediamine (or other diamine containing at least one 
methyl group ortho to an amino group) is heated with a 
nitro compound and hydrochloric add to a high ten^ra- 
ture. In this case, the nitro a>mpoand pkys the part of an 
oxidising agenli and the necessary orientation of the diamine 
points to the meso-carbon atom being derived from a m^hyl 
group of the w-diandne. Possibly a reaction sudi as 
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cine. Three patents of Kalle & Co. (D. R. PP. 1205R6, 
122607^ 126795 all of 1900, lapsed in 1902) deal with the pro- 
duction of thioacriclinc, 9-chloro-, bromo- and iodo-acridines. 
(See also Edinger and Arnold, /. Pr. Chem., 1901, 11, 64, i6y.) 

Ehrlich and Benda (Ber., 1912, ^5, 1787) discovered that 
certain acridine compounds, notably 2: 8-diamino-io-^nietIiyI- 
acridinium salts (Trypaflavin) 

CH« X 

possess marked trypanocidal properties and firocesses for 
the production of 2 : 8»diaminoacridine, easier than that des- 
cribed by vSehopff (Ber., 1894, 27, 2120) were desircci L. 
Cassella and Co. (Brit. P. 24652/1910; U. S. F. 1005176 of 
Ehrlich and Benda; F. P, 433079/1910; D,R.P, 23041a/ 
19x0) abandoned Schopff’s reduction of titaminoaertdone and 
starting with diaminodiphcnylmethane, carried out the reac- 
tions shown in the following scheme. 

N 

nh/VT^Anh, 


. NH^NH, NK^NH, 



H. 




After protecting the amitio groups by acetylation, t!ie acri- 
dine nitrogen' atom can be methylated and the acetyl group*; 
subsequently removed. 

Browning’s advocacy of thi^ compound as a disinfectant 
has led to renewed interest, and the direct production of 
2:8-diaminoacridine from w-phenylenediamine has been 
patented. 

Trypaflavin and its analogues furni.sh dyestuffs if treated 
first with a cyanide and then oxidised (Cassella, D. R. P. 
369&)2 /i 9I3). The reactions involved are cxpressetl by the 
scheme (fler., 1913, 46 , 1931), 
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le compound obtained from diatrfinomethylacridinium 
loride dyes silk' or cotton mordanted with tannin an intense 
:ci lively red, a clear violet is produced with the correspond- 
dye from tetramethyldiaminomethylacridinium chloride 
‘or preparation, sec Ullmann, Ber., tgor, 4316). 

It is interesting* that a corresponding dye can be ob- 
ined' from pyronine 


Cl 

6 


ch,),nQQ^n(Ch,), 


o 

(CH,).NQ^^^:N(CIf,),Cl 


CN 


T.ich gives shades similar to those given by Capri Blue. 

Anthraquinone vat dyestuffs containing the acridonc 
have also been described. Compounds of such mixed 
pe can be prepared from anthraquinone-i-anilino-a-carb- 
:3?^lic acid which is obtained either by condensing a-chloro- 
n.'xoic acid with i-aminoanthraquinone or, better, from I* 
loraanthraquinone and anthranilic acid. By loss of water, 
eE anthraquinone-i-amlino-a-carboxylic acid is transformed 
to anthraquinone-i : 2-acridone (Ullmann, D. R. P. aai 853/ 
09 ; F. Ullmann and P. Ochsner, Amalen, 1911, 381, % ; sec 
30 Ullmann and P. Dootson, Ber,, 1918, 51, 9). 
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Several patents for the manufacture of vat) dyes by simi- 
lar processes were taken by the A. G. f. Anilinfabr. (D. R. PP. 
233038, 236441, 238977, 238978, 241 442 all of 1910). Reac- 
tions of this type have also been used by the Badische Co. 
for the manufacture of vat dyestuffs some of which contain 
two acridone rings (D. R. PP. 234977/1909 ; 237236", 237 237, 
237546, 240002 of 1910; 242063, 243750, 248170 of 1911; 
272296, 272287, 275671, 285724 of 1913; 287614, 287615 of 
1914). Indanthrene Red BN extra, Indanthrene Violet and 
Indanthrene Violet RN extra of the Badische Co. belong to 
the anthraquinone- (mono or bis) acridone series. 

Other vat dyes prepared by introduction of radicles into 
thei amino’ group of 4-amino-i : 2-anthraquinoneacridone have 
been patented by Meister, Lucius and Briining (D. R. P. 
239540/1909; see also D. R. PP. 240327/1909, 245875/1910, 

244705/19”)- 

Bayer & Co. (D.R. P. 286095/1914) obtain anthra- 
quinone-i : 2-acridone from i-phenylaminoanthraquinone by 
acting on it with oxalyl chloride and treating the resulting 
antraquinonylisatin with a condensing agent (aluminium 
chloride, sulphuric acid etc.) 



For further particulars concerning dyestuffs of this 
class, reference may be made to the volumes on vat colours 
and Anthracene Dyestuffs in this series. 
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CHAPTER VII. 

AMINO DERIVATIVES OF ACRIDINE 


It will be evident from the last chapter that practically 
all the acridine derivatives which have been found useful as 
dyestuffs are amino derivatives of acridine or phenylacridine 
or of quaternary ammonium salts obtained by further! alkyla- 
tion. In the following account an attempt at a systematic 
survey will be! made, not only of the dyestuffs, but, in a briefer 
manner, of the simpler amino- compounds. 

The simple aminoacridines may be obtained by the re- 
duction of nitroacridones, the synthesis of the latter com- 
pounds leaving no doubt as to their constitution. 

Ullmann and Sponagel {Ber., 1905, 2211) discovered 

that copper powder (Naturkupfer C) accelerated reactions 
between alkaline phenoxides and bromo-derivatives of aro- 
matic hydrocarbons such as 

CeH.OK + QH.Br = KBr + CeH, ^ O « CeH, 

Later {Annalen, 1907, J55, 312) it was found that copper pow- 
der added to a boiling solution of o-chlorobenzoic acid in 
aniline led to the production of phenylanthranilic acid. 



+ CeH«NH, 


HCl-f 




Phenylanthranilic acid decomposes into diphenylamine 
and carbon dioxide at higher temperatures, but this decom- 
position can be avoided by adding potassium carbonate. 
Copper is the best catalyst^ but the reaction is also promoted 
by salts of iron, nickel, platinum and zinc; salts of nuanganese 
and tin are ineffective. Ullmann (Anmlen^ 1907, 355, 316) 
estimates that i gram of copper as cuprous chloride i$ suf- 
fident to effect the condensation of 2000 kilos of n-chloro- 
benzoic acid with amline to phenylanthranilic add. 

If a-bromo- or o-iodo-benzoic adds are used, a catalyst 
is unnecessary. 

This reaction may be extended, nittanilines being used 
instead of the unsubstituted base. The resultant nitrophenyl- 
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anthranilic acids undergo condensation when warmed with 
concentrated sulphuric acid, nitroacridones being produced. 


>CH.QH,.NO, 
® "\COOH 


= H, 0 -f CeH, <^^>CeH3 • NO,. 


i-Aminoacridone and i-aminoacridine. — 2^-Nitrodi- 
phenylamine-2-carboxylic acid' (m.p. 219°) is prepared by 
heating potassium o-chlorobenzoate, o-nitraniline, dopper 
acetate, potassium carbonate and amyl alcohol. Alternatively 
it may be prepared by condensationj of a-nitrobromobenzene 
with anthranilic acid in presence of copper powder (Ullmann 
and Maag, Ber., 1907, 40, 2522 ; compare I. Goldberg, Ber., 
1906, 39j 1691). Water is eliminated when the compound 
(6 grams) is warmed to 100 ® in concentrated sulphuric add 
(42 cc.) solution for 15 minutes. 

NO, NHNO, 

0^?oH-0=«-°+0C0 

CO 

i-Nitroacridone is isolated* by pouring into water, filtering, 
boiling with dilute amfmonia, again filtering, drying and 
crystallising from toluene. M. p. 262® (Ullmann and Bader, 
Annalen, 1907, 555, 328). The solution in concentrated sul- 
phuric acid is yellowish brown. It should be noted that Ull- 
mann! and Bader refer to this compound as 4-nitroacridone. 

i-Aminoacridone is formed by boiling an alcoholic so- 
lution of i-nitroacridone with sodium sulphide, it crystallises 
from alcohol in dark yellow needles melting at 355® with 
decomposition. The solution in concentrated sulphuric acid 
is yellowish green and shows a blue fluoresccnee. 

i-Aminoacridine is obtained by redudng an amyl al- 
coholic solution of i-aminoacridone with four times its weight 
of sodium and is isolated ai^ the picrate, m. p. 206 ® (decomp .). 
The free base (no analysis) forms yellow brown needles 
soluble in alcohol with yellow colour and green fluorescence. 
The colour of the solution in concentrated sulphuric acid is 
yellow, the fluorescence green; solutions in dilute hydro- 
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chloric acid are reddish violet (Ullmann and Maag, Ber., 1907, 
40, 2522). 

2-Nitroacridone (Ullmann and Wagner, Annalen, 1907, 
JJ5, 364) is obtained by condensing 2-.chloro-4-nitrobenzoic 
acid to 5-nitrodiphenylamine-2-carboxylic acid (m, p. 239^) 
and acting on this with aluminium chloride. 

2-Anilinoacridine. This compound was obtained by E. 
Besthorn and W. Curtmann (Ber., 1891, ^4, 2042) by heating 
5 grams, of diphenyl-w-phenylenediamine with 10 grams of 
zinc chloride and 5 grams of 90 per cent formic acid for 
4 — 5 hours to 250® in a sealed tube. After isolation and 
purification, the compound forms thick, brownish red, flat 
needles, m. p, 175 — 176 ^ The salts with mineral acids are red 
in colour, easily soluble in alcohol but sparingly in water. It 
is interesting that only one pyridine ring is formed from 
diaryl-w-diamlnes and an excess, of acid. 


NH NH 

crcro 


+ R*C00H«2H20 + 


N 

coo^ 

CR 


NHCH, 


2-Hydroxyacridine is formed from the preceding com- 
pound! (2 grams) by heating it with 20 peri cent hydrochloric 
acid (25 cc.) to 250 ^ The salts formed with acids and) 
alkalies are easily soluble in water. 

2 - Anilino - 5 - methylacridine (loc. cit., 204^, m. p. 215 
to 216® and 2-hydroxy-$-methylacridine were also described. 

2-Aminoacridone (Ullmann and Bader, loc. cit», 335) is 
obtained by the following steps. 

o-Chlorobenzoic acid and /^-phenylenediamine are con- 
densed to 4’-aminodiphenylanmne-2-carboxylic acid; p. 
205 ® (diecomp.) after crystallisation frons xylene. 

On condensation by sulphuric acid, 3-anunoacri<iane i$ 
produmi, this crystallises from alcohol in yellow needles and 
melts at 298®. The solutions in alcohol and acetone are 
yellow with green fluorescence, the solution in concentrated 
sulphuric acid shows a bluish green fluorescence. 


128 


SYNTBBTIC COLOURINQ MATTERS 


^CI 

VC-'OjH 


+ 




NH 


4-Nitroacridone and 4-aminoacridone (Ullmann ami Ba- 
der, loc. cit., 332). Metanitraniline and o-chlorobenzoic acid 
are condensed to 3’-nitrodiphenylamine-2-carboxylic acid, 
yellow needles, m. p. 218®. By warming with concentrated 
sulphuric acid, 4-nitroacridone (referred to as i-nitroacridone) 
is produced; it crystallises form nitrobenzene in yellow 
needles, the solution in concentrated sulphuric acid is non- 
fluorescent ; no melting point is given. 



Reduction gives 4-aminoacridone which crystallises from 
alcohol in yellow needle.s, m. p. 285®. The solution in con- 
centrated! sulphuric acid is yellow ami exhibits a bluish green 
fluorescence. 


Other simple Aoridone Derivatfvee 

Before passing on to the technically useful aminoacri 
dines, reference may be made to a few substituted acridones 
obtained from derivatives of anthranilic acid. 

Several halogcnated acridones have been obtained by 
Ullmann and Tedesco (Anmlen, 32^)- By 

densing potassium o-chlorobenzoate with a halogcnated 
aniline in amyl alcoholic solution, a trace of copper powder 
being used as catalyst a substituted diphenylaminecarboxylk 
acid is produced which can be condensed to a substituted 
acridone by warming with concentrated sulphuric acid, t-, 
3. and 4-Chloroacridones have been prepared in this manner, 
they all occur as yellow needles which melt above 360", 
2 ~Chloroacrid(me is obtained by the action of concentrated 
sulphuric acid on 5-chlorodipbenylamine-a-carboxylic acid 
(n». p. 207*), a compound produced from 2:4-dichlorol}enzaic 
acid and aniline. 
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I : ^-Dichloro- and yBromo acrid ones have also been 
described. 

Acridqne-i-carhoxylic acid (Ullmann and H. Hoz, 
Annalen, 1907, 555, 354). Diphenylamine-2 : 2^-dicarboxylic 
acid (m. p. 295 decomp.) is obtained* from o-chlorobenzoic 
acid by the action of anthranilic acid or ammonia. By the 
action of concentrated sulphurio acid it is condensed to acri- 
done-i-carboxylic acid, dark yellow needles melting at 325 ^ 
with decomposition. The yellow alkaline solution shows a 
blue fluorescence, the solution in concentrated sulphuric 
acid a green fluorescence. The methyl ester forms yellow 
needles, m. p. 172 ^ 

Acridone-^-carboxylic acid (Joe, cid., 356) is a yellow 
crystalline powder melting above 350 ^ Methyl ester, colour- 
less needles, m. p. 339*^. 

i-Hydroxyacridone (Ullmann and Kipper, Annalen, 1907, 
355> 345)> is/ obtained by the action of concentrated sulphuric 
acid on 2'-hydroxydiphenylamine-2-carboxylic acid (m. p. 
190^). The latter compound is formed by condensing potas- 
sium o-chloroben20ate and o-aminophenol, the yield being 
omly 40 per cent. 

On the other hand, o-anisidine give:^ an 85 per cent yield 
when amyl alcohol is used as a solvent. The resulting 2'- 
methoxydiphenylamine-2-caxboxylic acid (m. p. 176®) con- 
denses to i-Methoxyacridone, m. p. 293 ^ and this compound 
may be demethylated to the hydroxyacridone by the action 
of aluminium chloride on its solution in xylene. 

i-Hydroxyacridone crystallises as yellow needles from 
dilute acetic acid, it sinters at 290® and melts at 300^. The 
alcoholic solution exhibits a blue fluorescence, the solution 
in concentrated sulphuric add is yellowish: brown and 
fluoresces green. As a phenol, hydroxyacridone dissolves 
in dilute caustic soda, the solution is yellow. 

'^^Hydroxyacridone (Ullmann and Klipper, loc. cid,, 346), 
melts indefinitely about 345 — ^350 It is obtained from 

phenetidine and o-chlorobetizoic add by the usual steps, the 
resultant j^ethoxyacridone being de-ethylated. 
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Homologues of 2 - Aminoacridim^ 

2 -Amino- 2 i 7 ’-dimethylacridine. — Terrisse and Darier 
(Brit. P. 20063/1898; D.R. P. 107517/1898, rights trans- 
ferred to the Badische Co., Chemiker Zeit., 1899, 25, 86) first 
discovered that a single amino group introduced into the 
acridine nucleus in position 2 sufficed for the formation of 
a dyestuff. To obtain such compounds, equimolecular pro- 
portions of a metadiamine and formaldehyde are allowed 
to react and the product treated with a monamine, substi- 
tuted in the para position. In; this! way, intermediate products 
(“imides”) are formed to which the patentees assign con- 
stitutions such as 


NH^-X-NH-CH.-NHY") 

Such an imide reacts; with a para-substituted: monamine 
to give a monoaminoacridine, the dihydroacridine first 
formed undergoing oxidation. The changes involved may be 
expressed by the scheme i 



Intermediate isolation of the ‘'imide’" may or may not 
be effected. 

Example i. 122 parts of finely divided w-toluylenedia- 
mine in 2 to 3 litres of water are stirred for some hours 
with 40 per cent formaldehyde solution, the product filtered, 
pressed, dried, ground and dissolved in 3 or 4 times its 
weight of ^-toluidine at 100^. 143.5 parts of ^-toluidine 
hydrochloride are then added, the mass solidifies and the 
reaction is completed by heating for a further half-hour on 
the water bath. After neutralisation with caustic soda, 

i) The metadiamine reacts in the first place with formaldehyde 
to give an anhydroformaldehyde compound, e. g. CeHa (CH«) (NHs) 
(N:CH*). Ullmann and Naef, Ber., 190a, 914. 
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excess of />-toluidine is removed in a current of steam and 
the yellow granular ^'imide'' isolated. 

I part of the imide is dissolved in 6 parts of /»-toluidine 
at ioo°, 2 to 4 parts of /^-toluidine hydrochloride added and 
the mixture heated with stirring for 3 hours at 120 — 160 

The melt is poured into water, ^-toluidine removed in 
aj current of steam, the remaining solution cooled and filtered 
and the dyestuff precipitated fro.m the filtrate by thej addition 
of saltpetre. The corresponding base melts at 245® after 
crystallisation from alcohol. 

Example 2. 108 parts of w-phenylenediamine are con- 
densed in aqueous solution with i molecular proportion of 
formaldehyde (40 per cent), i part of the condensation pro- 
duct obtained in this manner is dissolved in 4 parts of p- 
toluidine at 100 3 parts of /^-toluidine, hydrochloride added 

and the, mixture kept for 2 hours at 150 — 160®. 

Whilst the hydrochloride of acridine yellow is sparingly 
soluble in water, the hydrochlorides of these, monoamino- 
dyes are easily soluble ; caustic soda gives a yellow precipitate 
and cotton (tannin and antimony mordant) isl dyed yellowish 
orange. 

The Badische Co. (D.R. P. 107626/1898) obtained the 
same dyes by the action of metadiamines on bases of the 
type of o-aminobenzylaniline. 

Example i. Equal weight of o-aminobenzylaniline and 
w-toluylenediamine hydrochloride are stirred and heated to 
180 — 190 until the mixture is thick and no further dye 
formation observable. After treatment with hot water and 
steam, the solution is filtered and salted out. 

Example 2. 22 parts of o-aminobenzyl-^-toluidine (from 
anhydroformaldehyde-/>-toluidine and /^-toluidine, Meister, 
Lucius and Briining, D. R. PP. 87934/1895, 104239, 105797/ 
1898), 15 parts of /^-toluidine, 20 parts of w-phenylenediamine 
hydrochloride, 4 parts of nitrobenzene and I part of ferric 
chloride are stirred and heated to 180 — 190^ until dyestuff 
formation is complete. The isolation is effected as in the 
last example. 
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2- Amino-3 ; 7-<limethylacridine has also been obtained by 
Ullmann {Ber,, 1903,5(5^ by heating 60 grams o£ /^-tolui- 
dine> 24 grams of tetraaminoditolylmethane and 36 grams 
of /)-tolmdine hydrochloride for 2 to 3 hours at 160 — 170°; 
in this case one molecule of w-toluylenediamine is eliminated. 

Fox and Hewitt {Trans, Chem. Soc., 1904,^5^532) ob- 
tained a methiodide of the acetyl derivative. This was hy- 
drolysed and the carbinol base precipitated by ammonia. 
Freshly prepared, the compound gave figures on analysis 
corresponding with the formula CieI5i80N2, but if heated 
for some time in nitrobenzene, water was eliminated and 
addition of light petroleum precipitated a substance of the 
formula CieH^oNa. This change may probably be expressed 
by the scheme 



A corresponding naphthacridine dye 



described by Ullmann has already been mentioned. These 
naphthacridine dyes do not seem, to have found much appli- 
cation; the base whose structure is shown above forms 
lemon yellow needles, m. p. 240 the acetyl derivative melts 
above 300 Cotton is dyed (tannin mordant) in clear red- 
dish yellow shades similar to those given by phosphine. 

DiamliHiaeritflnes 

1 : 2-Diaminoacridone, F. Jourdan {Ber., 1885, I 45 ^) 

condensed i-chloro-2: 4-dinitrobenzene with anthranilic acid 
to 2 : 4 - dinitrodiphenylamine - 2' - carboxylic acid, m. p. 
280 — 282 On reduction with' tin and alcoholic hydrochloric 
acid, the hydrochloride of i : 3-diaminoacridOne was obtained ; 
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the free base formed feebly coloured, flat needles, m, p. 
222 — 223 

2 : %-Diaminoacridine. 



This base is important for it is not only the parent sub- 
stance of a number of dyestuffs, but the quaternary am- 
monium) salts obtained by alkylating the ring nitrogen atom 
exhibit remarkable properties with regard to the lower 
organisms. 

The base was first obtained by M. Schopff (Ber., 1894, 
21, 2316) from diphenylmethane, the process was roundabout 
but left no doubt as to the constitution of the compound. 
Diphenylmethane gives a tetranitro-derivative on energetic 
nitration, m. p. 172*^ (Dorp, Ber., 18^2, 5, 795; Stadel, 
Annalen, 1883,-^15, 339), which is oxidised by chromic acid 
mixture to tetranitrobenzophenone, m. p. 225® (Dorp, Ber., 
1873, 6, 725 ; Stadel, loc. cit., 341). 

Schopff gives the following directions for the prepara- 
tion. 50 grams of diphenylmethane are added to a mixture 
of 70 grams of concentrated sulphuric acid and 130 grams 
of potassium nitrate at 10 — 25 ^ the mixture being well 
stirred. After all thle diphenylmethane, is added, the mixture 
is heated for half an hour to 70 ^ stirring being continued. 


i) The literature regarding the preparation of diphenylmethane 
is extensive. Jena, Annalen^ 1870, /55> 86; Zincke, Annalen, 1871,^5^, 
374; Baeyer, Ben, 1873, 221; Meyer and Wurster, ihid., 963; Graebe, 

Ben, 1874, 7 , 1624; Zincke and Thorner, Be?., 1877, to, 1473; E. and 
O. Fischer, Annalen, 1878,^,253; Staedel, ihid., 307; H. Schwarz, 
Ben, 18^1,14, 1526; Friedel and Crafts, Bull. sac. chirn., 1884,11, 
324; Ann. chim. phys., 1884, y^,/, 478. Friedel and Balsohn (Bull, 
soc. chim., 1880, 337) prepared the compound by gradually 

adding 30 to 40 parts of aluminium chloride to a mixture of 100 parts 
of benzyl chloride and 500 parts of benzene. M. p. 5^— 27^ p. b. 
261 — 263*1 
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After cooling, the mass is poured into a large excess of 
water, the product collected, boiled with not too much alcohol 
and the residue crystallised from glacial acetic add Yield 
about 72 per cent. 

Stadel’s directions were followed (lac. rii.) for oxidising 
to tetranitrobenzophenone. Tetranitrodiphenylmcthane is 
dissolved in glacial acetic acid and the solution heated for 
some time with the calculated amount of chromic acid. The 
product crystallises on cooling, after recrystallisation from 
boiling glacial acetic acid (sparingly soluble) it melts at 223 

2:8-Diaminoacridone is formed when tetraiiitrobenzo- 
phenone is reduced (Schdpff, lor. cit., 2318). 

34 H -8 n, 0 + NH, + 

A solution of 270 grams of stannous chloride in 
270 grams of hydrochloric acid (s, g. 1.19) was warmed to 
100* and 36 grams of tetranitrobenzophenone added whilst 
the mixture was shaken. The beginning of the reaction was 
hastened by adding a little alcohol, the mixture becoming 
warmer. Soon after all the solid was dissolved, tlic tin double 
salt began to separate, it.s quantity was increased by boiling 
for a further half hour. After cooling, the crystals were 
filtered off over glass wool and a further quantity recovered 
from the filtrate by strong cooling and saturation with 
hydrogen chloride (gas). 

The tin double salt was warmed for some time with a 
large quantity of water, the precipitated metastamiic acid 
removed by filtration, the solution of diaininoacridone 
hydrochloride decolourised with animal charcoal, and the 
base precipitated as colourless, or at most, feebly yellow 
needles by addition of alkali or aimnoma. One further 
crystallisation and analytically-clean diamtnoacridone was 
obtained. ! 

The melting point was found to be above 350*, Schfipff 
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also prepareti aii«l analyse! Ilir !iyf!rfic}i!ori*lr an*! I hr platiiii - 
cliloriile. 
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iiiifil tlir. violil. Iliarrr'^rrirr hail tlisapjir.im! am! a %atiiplr, 
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acridoiir hiit f^avr an iiitrsrly yrlhHv rohtiirrd ’nilii|}«iri witli 
greet! fluorescence, lliis iilkahiir almliolir ihm 

e¥aporalccl on the water hath, water iirhlrfi am! ttir 
veil cliafTiiiioacriilim* lillrrcfl off, lly cr^-Hiatlroiiioii if*mi 
alcoiiol, after Ireatriienl with animal dmn^mh yrlhiw firrillr’. 
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Preparation of Diaminodiphenylme thane. - The following 
details are taken from D.R.P. S3 937/1889 of Meister, Lucius 
and Briining. 50 Parts of anhydroformald'ehydeaniline (Tol- 
lens, Ber., 1885, 18, 2309) are heated on the water bath with 
70 parts of aniline hydrochloride and excess of aniline. 
After about 12 hours the mixture is rendered alkaline, the 
excess of aniline driven ofif by a current of steam and the 
resultant diaminodiphenylmethane crystallised from benzene. 
M. p. 87^ 

Purification of the technical base may be effected either 
by preparation of the sulphate and liberation of the base 
therefrom, or by dissolving 100 grams of the commercial 
article in 150 grams of 25 Vo hydrochloric acid diluted with 
twice its volume of water, heating, adding ammonia until 
opalescent, cooling, pouring off from the separated tar and 
repeating the operation until bright coloured? precipitates are 
obtained (Schnitzspahn, J. Pr. Chem., 1902, n, 65, 316 ; com- 
pare Eberhardt and Welter, Ber,, 1894, 27, 1804). 

Nitration of Diaminodiphenylmethane, — This' operation 
is described by Schnitzspahn (loc, cit.), Benda employed 
much the same method and' gives the following quantities. 

250 grams of diaminodiphenylmethane are added to 
5 kilograms of concentrated sulphuric acid (66 ® Be.) and the 
mixture cooled to o well stirred and nitrated at o ° to 5 ^ 
with 540 grams of a mixture of sulphuric and nitric acid 
equivalent to 160 grams actual HNOg. The mixture is left 
for 2 to 3 hours at 8® to 10 ^ poured on to 17 kilos of ice 
and rendered alkaline by addition of 7 kilos of ammonia. 
(Presumably solution of s. g. 0.880.) The precipitate is col- 
lected, well washed with hot water and pressed, the moist 
paste weighs 900 to 1000 grams. 
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Reduction to tetraaminodiphenylmethane. — The paste 
is well stirred with 2 litres of hydrochloric acid (s. g. 1.18), 
warmed to 50 ^ and 450 grams of granulated tin added. The 
temperature rises to no® and reduction is soon complete. 

Formation of Diaminoacridine. — The resulting solution, 
occupying a volume of about litres, is heated in an 
enamelled autoclave (3 litres capacity) for 4 hours at 135®- 
After cooling, the crystals are separated from the liquid, 
boiled with 5 litres of water and ferric chloride added until 
a reaction for Prussian Blue can be obtained. Caustic soda 
is added to neutrality, the mixture boiled and filtered and the 
residue washed with boiling water. The united filtrates give 
a mixture of diaminoacridine and its hydrochloride on cooling 
which is dissolved in 2 N sulphuric acid and the sulphate 
precipitated in red matted needles by adding a slight excess 
of 2 N sulphuric acid. By one recrystallisation, the sulphate, 
CigHiiNg, H2SO4, is obtained. 

To isolate the free base, the sulphate is dissolved in 
water and the solution poured into excess of dilute ammonia, 
the crystalline precipitate being recrystallised from a large 
quantity of boiling water. 

2:8- Diaminoacridine, thus prepared, forms long 
brownish needles, melting at 283® after incipient decom- 
position at 260 ® and becoming very dark by 279 ® 

The process was patented by Cassella, & Co. (Brit. P. 
24652/1910; D. R.P. 230412/1910; U.S. P. of Ehrlich and 
Benda, i 205 176/1911 ; F. P. 433079/1910), the claim being 
for the process of heating 0 ,p ,o\p\ tetraaminodiphenyl- 
methane in arid solution. Quantities are generally in the 
same proportion as given in Benda's paper, but it should be 
noted that the strength of the sulphuric acid in which the 
diaminodiphenylmethane is dissolved is given in the German 
patent as 66 per cent and not as 66 ^ B€. The isolation of the 
base from the tin double salt of the diaminoacridine is carried 
out directly by solution in hot water (2 litres per kilo of 
diaminodiphenylmethane originally taken) neutralisation by 
caustiq soda and further addition of sodium carbonate. From 
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the precipitate, the diaminoacridine is extracted by boiling 
water, it crysallises out on cooling. 

A later patent (Poulenc Freres and Meyer, Brit. P. 
137214/1919) describes the direct production of diamino- 
acridine from m-phenylenediamine. 6 Kilos of w-phenylene- 
diamine, 7. kilos of crude oxalic acid, 10 kilos of fused zinc 
chloride' and 10 kilos of industrial glycerine of 25 Be. are 
heated to approximately 130 wheni the evolution of carbon 
dioxide has ceased, the temperature is increased to 150-170® 
and kept there for 2 hours. The resultant, nearly solid mass 
is heated with water and ammonia) and the resultant diamino- 
acridine filtered off, it may be purified by means of its sul- 
phate. The specification describes the compound as 3:6- 
diaminoacridine. 

2 : 8 - Diaminoacridine , resembles the homologous base 
of acridine yellow in many respects differing chiefly in the 
comparatively easy solubility of the base in hot water and 
of the hydrochloride in cold water. Solutions dye leather 
and cotton mordanted with tannin a pure yellow. The solu- 
tion in dilute acid can be diazotised, but on boiling neither 
aminohydroxyacridine nor dihydroxyacridine could be iso- 
lated, only a brown amorphous substance being obtained. 
But 2 :8- dihydroxyacridine may be prepared by heating 
12 grams with 50 cc. of water and 40 grams of concentrated 
sulphuric acid for 8 hours ,at 195®, after purification the 
orange matted needles were found to turn red about 275® 
but not to melt by 300®. Both acid and alkaline solutions 
are yeUow (those in alkalies are darker) and fluoresce feebly 
green (Benda, loc, cit, Successive treatment of a con- 

centrated sulphuric acid solutioh of diaminoacridine with 
nitrosyl sulphate and alcohol leads to the production of 
acridine. 

By treatment with formaldehyde and aromatic bases, 
new colouring matters are obtained which have a deeper 
shade and greater dyeing power th^ the original material, 
the shades being egg-yellow, orange or brown and more 
resembling those given by phosphine dyes. The preparation 
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is carried «Hit by warming an aqneotis srdmirtn nf .tnr HKilf 
cule each of dianiinoacriditu’. a monaniim- hv.lr.tihltiridr f«>r 
tliaminc flibydrochloride) and foriiiaideljvd*' !o wafer bath 
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tion of the «iyc is not fully explained, ftrnda • <»nadrr>» the 
one obtained from diaminoairidinr, furm.ildrhvdr and w 
toluylencdiamine must !«• either 
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500 grams of crude diaininoacridine were mixed wiili 
1350 cc. of acetic anhydride and laj gram* of deliydrafrd 
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grams of diacetaminoacridine were dissolved in 4 kilos of 
nitrobenzene and treated at 175 ® with 330 grams of methyl 
jf-toluenesulphonate. After 12 to 15 hours, the crystals were 
collected and washed out with ether. 545 grams of the salt 
thus obtained were heated for several hours with 1750 cc. 
of water and 1750 cc. of hydrochloric acid (s. g. 1.18), long 
red prisms of 2:8- diamino - 10 - methylacridinium chloride 
separating from the solution on cooling. (The directions in 
Cassella’s patent are much the same.) 

The salt is extremely soluble in cold water with yellow 
colour, green fluorescence is observed only in- dilute solution 
and disappears on addition of hydrochloric acid. On the 
other hand, the solution in concentrated sulphuric acid is only 
feebly yellow and shows an intense bluish green fluorescence. 
In distinction to the parent 2:8- diaminoacridine, an aqueous 
solution of 1:1000 is not precipitated by N/i caustic soda 
or strong ammonia, and i per cent solution is only rendered 
cloudy by strong ammonia the cloudiness almost disappearing 
when the ammonia is added in excess. By warming a suspen- 
sion in concentrated alkali for some time on the water bath, 
a product, difficulty soluble in water, but easily in acids, is 
obtained. Solutions of the chloride have a bitter taste, dilute 
sulphuric and nitric acids precipitate the sulphate and nitrate 
respectively; these salts dissolve however in acid free water. 

The amino groups are removed by heating with diluted 
sulphuric acid at 190 — ^200®, on isolation, the resulting 
base gave figures on analysis agreeing with the formula 
(m. p. 275®). 

Action of 2 :8-diamino- 1 o-meihylacridinium salts on 
organisms. The chloride is extremely active in killing 
trypanosomes. Not merely does this compound surpass any 
other dyestuff examined by Ehrlich up to 1912, but it proved 
for equally toxic doses to be three times as active as 
the homologous compound obtained from acridine yellow. 
Mice weighing 20 grams which had been infected by a very 
virulent race of trypanosomes were completely cured by in- 
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jection of i cc. of i : 5000 solution, whilst i cc. of i ; 1 500 
tol 2000 solution of the homologous compound from acridine 
yellow was necessary to get rid of the trypanosomes, and,, in 
most cases, the mice. The remedy was tried on human 
beings suffering from sleeping sickness and considerable 
effect on the parasites was observed. 

The observations of Browning, Gulbransen, Kennaway 
and Thornton (JBriL Med. J., 1917, i, 73; see also Proc. R. S., 
1918, (B), po, 136) on the behaviour of ^'flavine^' towards 
certain organisms led to a renewal of interest in this com- 
pound. Most antiseptics act more powerfully in water 
than in blood serum, but it was found that whilst Staphylo- 
coccus aureus was killed at a dilution of 1:20000 of water 
containing 0.7 per cent of peptone, the dilution in blood 
serum was as great as 1:200000. The respective dilutions 
with respect to Bacillus coli were i : 1300 and i : 100000. 

The Gesellschaft fiir chemische Industrie in Basel have 
(taken patents for disinfectants (U. S. P. 1 227 624/1917) 
obtained by the action of silver salts on acridine dyes, which 
may be alkylated or not, in presence of a solvent. Special 
mention is made of the silver derivative of 3 : 6-diamino-2 : 7- 
dimethyl-io-naethylacridiniumi salts. (Remember older method 
of numbering the acridine nucleus.) It forms a brownish 
red powder giving coloured solutions* in^ water^ ethyl alcohol 
and other solvents. It is said to act as a disinfectant at great 
dilutions, strongly] checking the growth* of bacteria, especially 
streptococci and splenitis bacilli. 

The same firm have also patented (U. S. P. 1 228 926/ 
1917) the preparation of soluble cadmium salts of acridine 
dyes, the acridinium salt referred to above being specially 
mentioned. 

T) Cassella introdisced Diaminomethylacridmiunim ehloride 
imder the name of "Trypaflavine'" (Brit. Trade Mark, 3274S7» Class i). 
It was called ^"flavine” in this country, but to avoid confusion, this 
name was subsequently changed to ^^Acriflavine^'. 'TroBavine'* or 
Diaminoacridine Sulphate has similar properties but is not so active. 
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2: 8-J)iamim-3: 7-dimetkylaendim (Acridine Ydlm^)* 

The synthesis of 2 : 8-diamino-3 : 7-dimethyl-5-phenyI- 
acridine (K. Ohler, D. R. P. 437201/1887), which soon found 
technical application under the name of ‘i5en2oflavine’’, led 
to experiments on. the condensation of other aldehydes than 
benzaldehyde with w-toluylenediamine. Generally, the ali- 
phatic aldehydes were found to be unsuitable, formaldehyde 
proved however to be exceptional and A. Leonhardt & Co. 
(Brit P. 17971/1889; F.P. 201798; D. R. P. 52324/188;)) 
introduced acridine yellow, a dyestuff of the constitution 


m): 


According to the directions of the patentees, 9 kilos of 
formaldehyde are brought together with 26 kilos of m- 
toluylenediamine ^nd 10 kilos of sulphuric acid in aqueous 
solution the whole making a volume of 400 litres. The 
liquid is filled almost immediately with needles of the con- 
densation product (about 35 kilos) which is filtered oflf, 
washed with cold water and heated for several hours with 
90 kilos of concentrated hydrochloric acid and 270 litres of 
water in an autoclave to 150*’, After cooling, ferric chloride 
solution is added as tong as crystals of the dyestuff separate, 
these are filtered off and iron carefully removed by washing 
with cold dilute hydrochloric acid: the substance is then 
dried. 

Working iti this manner, Ullmann and Marie {Ber., tgoi. 
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alcohol, and the oxidation can be carried out by bichromate, 
nitrous acid etc. in place of ferric chloride. 

Probably the same compound is produced when w- 
toluylenediamine is condensed with oxalic acidi, glycerine 
and zinc chloride (Ges. f. chem. Ind., Basel, F. P. 203 467/ 
1890, abandoned after one year) and the dyes obtained by 
the Soc. anon. d. mat. col. de 9 t. Denis (F. P. 188417/1888) 
by acting with aldehydes, acetone etc. on meta) ( ? and ortho) 
diamines may belong to the same class. 

Acridine yellow (Marks G, Rj T, Leonhardt, Savoz and 
Boasson) in its colouring power bears much the same rela- 
tionship to Benzoflavine that Succinrhodamine does to 
Phthalrhodamine (Friedlander, ir, iioi). 

Aqueous solutions are yellow with green fluorescence. 
Hydrochloric acid gives a yellow precipitate of the hydro- 
chloride, caustic soda one of the base. The solution in con- 
centrated sulphuric acid is bright yellow, water produces a 
yellow precipitate. Cotton mordanted with tannin and 
antimony is dyed yellow, silk greenish yellow with green 
fluorescence. 

2 : &~Diamino-$ : y-dimethyUio-methylacridinium salts. — 
Ullmann and Marie (Ben, 1901,54, 4307) found that whilst 
alkyl halides acted! on the diaminoacridines, partly by alkyl- 
ating the amino groups, alkylation of the cyclic nitrogen 
atom could be effected if the amino* groups were protected 
by acetylation and the resulting compound then treated with 
methyl sulphate. On hydrolysis, the methylacridinium com- 
pound was obtained and the observation was also made that 
the same acridinium salts were formed by direct addition of 
methyl sulphate to the diaminodimethylacridine. 

The directions given by Ullmann and Marie are briefly 
as follows. 

Acetylation. 8 grams of acridine yellow, 20 ce. of acetic 
aiihydride and 2 grams of sodium acetate boiled for i — 
hours under reflux gave 8 grams of predpitalad diacetyl 
derivative, which, for purposes of analysis, was recrystallised 
from aniline. 
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Alkylation. 6 grams of diacetyl compound in 150 cc. of 
nitrobenzene were treated at 190^ with 3 grams of methyl 
sulphate and yielded 8 grams of the methylacridinium methyl- 
sulphate. 

This methylsulphate is very soluble in water, the solu- 
tion tastes bitter and addition of solutions of sodium; chloride, 
nitric acid and potassium dichromate precipitate respectively 
the chloride, nitrate and dichromate. 

Alkalies produce no immediate precipitate in dilute solu- 
tion, the substance eventually obtained is certainly not un- 
altered carbinol base since it cannot be completely recon- 
verted into the original salt by acid, probably it contains 
some of the corresponding acridone (Compare Decker, /. pr, 
Chem.j 1892, tl, 45, 161 ; Hantzsch, Her., 1899, 52, 3124). 

Hydrolysis. 3:7: io-Trimethyl-2 : 8-diaminoacridinium 
chloride was obtained as red needles by dissojvingt the 
foregoing compound in a little hot water, adding an equal 
volume of concentrate,d hydrochloric acid, boiling for one 
hour under reflux and allowing to cool. 

Direct alkylation of acridine yellow was effected by 
dissolving 2 grams of base in 50 — 60 cc. of boiling nitro- 
benzene and adding 2 grams of methyl sulphate. 2.5 grams 
of methylacridinium methylsulphate were obtained, cqn- 
version into chloride, nitrate and dichromate established the 
identity of these salts with those obtained by the previous 
method involving acetylation. These acridinium salts dye 
cotton mordanted with tannin in yellow shades fast to alkali. 



Colouring Matters related to Acridine Yellow. 

The colouring matters obtained by heating the formyl 
derivatives of diamines are stated by J, R. Geigy (D. R. P. 
149409/1903; F. P. 330487/1903) to be faster than acridine 
yellow and to have a shade more resembling that of phos- 
phine. Since the process described consists in heating the 
formyl derivatives of w-phenylenediamine or fw-toluylene- 
diamine either alone or in presence of the -w-diamines with 
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ammoniitm salts, it might be expected that the dyes formed 
would bej identical or homologous with acridine yellow, e. g., 


NH 


NH, 

CHe 


a 


CHO 


+ 


VCH3"" 


H3O+NH3 + 



Example i- 100 kilos of diformyl-m-tolulycnediamine 
and 25 kilos of ammonium chloride are gradually heated! with 
stirring to 230 — 240^ and kept at this temperature until the 
mass is viscous and frothing and increase of dye formation 
is finished. The colouring matter is easily soluble in water 
and is precipitated by alkalies in bright brown flocks. 

Example 2. 68 kilos of monoformyl-w-phenylenediamine, 
61 kilos of m-toluylenediamine and 37 kilos of ammonium 
chloride are treated as before, the melt taken up in 1000 litres 
of hot water with addition of hydrochloric acid and! salted 
out with zinc and' sodium chlorides. 

Example 3. 17.8 kilos of diformyl-w-toluylenediamine, 
24.4 kilos of w-toluylenediamine and 21 kilos of aniline 
hydrochloride are heated gradually to 220 ^ and kept at this 
temperature until the completion of the reaction. 

In further claims J. R. Geigy describes the production 
of dyestuffs by heating the formyl derivatives ofl monamines 
with w-diamines (D. R. P. 149 41 0/1903; Brit. P. ii 882/1903 ; 
U. S. P. of Ris and Mylius 740463/1903 ; F. P. 330487/1903). 

Example i. 24.4 kilos of formanilide, 48 kilos of m- 
toluylenediamine and 42 kilos of aniline hydrochloride are 
stirred and heated gradually to 210 — 215®, heating being 
continued until no further increase of dyestuff formation 
occurs; the mass is then allowed to cool and! ground. 

Example 2. 36 kilos of formyl-(?-toludine, 43.2 kilos of 
^phenylenediamine and 30 kilos of ammonium: chloride are 
treated as in example i. 

Both colours may be used for tannined cotton or leather, 
the former dyes a golden yellow, the latter brown. From 
consideration of the method of manufacture, these dyes 
might be expected to be raonoaminoacridines. 
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An additional patent (D. R. P. i6i 699/1.^4) e.xteiick tlie 
reaction to tlie preparation of orange yellow to orange reil 
dyes by irsing mono- and dialkyl derivatives of wi-diaiiiines 
in place of unsubstituted meta plienylene or toluyleiie <li 
amines. Analogous results are obtained with iiiono- or cli- 
alkybw-aminophenols ; addition of glycerine as a diIiH?iit lias 
been found useful. 

F^xample i. 30 kilos of nionc>ethy!on 4 oluyleriecliarniiit% 
18 kilos of diforinyl-w-toluylenedianiine and 21 kilos of aniline 
hydrochloride are heated to 200 

Example 2. 15.7 kilos of mcnK:>t 4 :hyl -in^iiniiKiplMniol, 

30 kilos of w-loluylenediamiiie hydrochloride, 26.7 kilos of 
{lifonnyl-w-tuluylenediamine and 30 kilos of glycerine at 
iSc>--i6o^l 

Example 3. 16.7 kilos of diethylon-timinophenol, 1,7,3 kiloi 
of difoniiybw-tohtylenediamine, 19,5 kilos of wdoliiylene- 
dlaniine hydrochloride and 20 kilos of glycerine at 150— 

•The dyestuffs obtained according to Geigy's patents 
leave something to be desired both in quality and yielcL The 
A, G, fur Anilinfabr, (D. R. P. 292848/1915) ciaim that if 
mono, or didormyl derivatives of w-diamines of the benzene 
series are melted witli mono* or di-alkylated fiodiamines goad 
yields of yellow to orange red dyestuffs are obtairiecb which 
on account of their eveness in dyeing and their iseniibility 
to lime, promise to be valuable if applied to leather goexis, 
NH 


I NlhQMEM 





HCPNH, 


Example i. 1$ parts of monoformybM-toluyleiiietfaffiiiie 
(CHg : N'H^ : NHCHO » i : a: 4) and ai pirts of diinethyl-f»« 
aminoplienol-hydrochloride are heated padutlly to 185 to 
About 140% water vapour is evolved and care is 
neceitary, the reaction is complete in about 6 hoiiri. The 
melt is run into water (400 parts), allowed 'to dissolve, ilterecl 
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and the solution salted out with sodium and zmt chlorides. 
Clear orange red shades are produced on leather. 

Example 2. Treat 15 parts of monoformyl-w-toluylene- 
diamine and 22.5 parts of dimethy 1- w - toluylenediamine 
(CH^rN (CH3) 2:NH2 ==i :2:4) as in example i. Gives a 
pure yellow on leather. 

Example 3. The dyestuff made from 17.8 parts of di- 
formyl-w-toluylenediamine and 21 parts of dimethyl -'W-amino- 
phenol hydrochloride gives shades resembling those produced 
by the dyestuff of example i. 

Example 4. 15 parts of formyl-w-toluylenediamine and 
21 parts of monomethyl-w-toluylenediamine are used. The 
dye gives a pure yellow on leather. 

Example 5. The product from 13.6 parts of monoformyl- 
w-phenylenediamine and 22.3 parts of monoethyl-tn-toluylene- 
diamine dyes in yellowish brown shades., 

Example 6. 16.4 parts of diformyl - w - phenylene - 

diamine and 22.3 parts of monoethyl-toluylenediamine are 
employed. The product is said to resemble that obtained in 
example 5, but to d’ye in clearer and' redder shades. 

Example 7. The product from 17 parts of 4-chloro-x- 
amino-3-formylamin'obenzene and 21 parts of dimethyl-w- 
phenylenediamine, dyes leather reddish yellow. 

The patentees state that their products differ from those 
produced according to D. R. P. 161 699. 

U. S. P. 1 255 739/1918 of the same firm refers specially 
to the use of the halogenated derivatives of formyl-w-di- 
amSnes. (Compare example 7 above.) 

The brown basic dyestuffs obtained by Cassella & Co. 
(D. R. P. 258560/1912; F. P. 453880/1912) by heating m- 
diamines containing at least one methyl group ortho to an 
amino group with an aromatic nitro compound in presence 
of hydrochloric add probably belong td this class. The nitro 
compound plays the part of an oxidising agent and! carbon 
atom 5 of the acridine complex is derived from a methyl 
group. 


lO^ 
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That the reaction stojjs at this stage appears improbable 
for the dyestuff gives a brown solution and dyes leather and 


tannined cotton in. brown shades. 

Example l. 100 parts of neutral ?M-toluylcnediamine 
hydrochloride an<l 75 parts of the base are heated for 3 hours 
in an iron pot provided with stirrer. Then (to parts of nitro- 
benzene are gradually added, a very energetic reaction take.s 
place and the mass becomes viscous. After cooling, the melt 
is dissolved in 2000 parts of water and isto parts of hydro- 
chloric acid (s. g. 1. 1 5). Any remainder of nitrobenzene is 
removed in a current of steam, the solution filtered and 
salted out with socKum and zinc chlorides. 

Example 2. too parts of w-toluylenediamine hydro- 
chloride and 75 parts of the base are heated for 3 hours at 
160“ with stirring. The mixture is diluted with 60 to 70 parts 
of aniline and 60 parts of nitrobenzene and i to 2 parts of 
dry ferric chloride added, A lively reaction accompanied by 
water formation ensues, the reaction! is completed by several 
hours heating and the product worked up as before. 

Example 3. too parts of »« - xylylenediamine base 
(CHg:CHg:NHj:NH,“t :3:4:6) and too parts of dry 
aniline hydrochloride are melted for 2 or 3 hours at 170®, 
40 to 50 parts of nitrobenzene are added, and heating 
continued for a further 4 hours. 

Probably the iron salts act as oxygen carriers as in 
other cases. An iron pot is specified in example i, the 
material of the pot is not specified in example 2 but ferric 
chloride is added. In example 3, iron is not specified either 
as material for the pot or as a salt addition. 

Patent Phosphine. The alkylation of acridine yellow and 
benzoflavine may be carried out with an alcohol and an acid 
or with an alkyl halide (Ges. f. chem. Ind. Basel, D. R. P. 
79703/1904), According to the intensity of the alkylation, 
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orange yellow to orange red dyes are obtained which, like 
the, phosphines, are well suited for leather dyeing. 

Example. 10 parts of acridine yellow, 20 parts of. methyl 
alcohol, and 5 parts of fuming hydrochloric acid are heated 
3 to 4 hours in autoclaves at 180 — 190®. After cooling, the 
excess of alcohol is distilled off, the residue dissolved in 
water and the solutio'n filtered andi evaporated. The dyestuff 
obtained in this manner is very easily soluble (distinction 
from acridine yellow), the solutions do nat gelatinise and no 
precipitates are formed by excess of mineral acid. Replace- 
ment of methyl by ethyl alcohol gives a yellower dye. 

Alternatively, 10 parts of acridine yellow, lo parts of 
alcohol and 5 parts of ethyl bromide are heated for 2 hours 
at 180 ^ 

Ullmann and! Marie compared Patent Phosphine (RGM.), 
which is put on the market as a zincichloride and used for 
leather dyeing, with the acridinium! salts they had obtained 
{Ber., 1901,54,4316). After removal of zinc, it was found 
that the aqueous solution was completely precipitated by 
ammonia, hence alkylation had not extended further than 
the amino groups. This is attributed to the presence of free 
acid during the process. The patentees disclaim, knowledge 
of the constitution of their compounds. 

Brilliant Phosphine, Mark 5 G of Leonhardt & Co, and 
of the Gesellschaft fur chemische Industrie in Basel is 
probably prepared (Friedlander, VI, 486) according toi D. R. 
P. 131289/1894, an addition to D. R. P. 79703. The claim 
made in this patent is for the further alkylation of anmno- 
acridinium salts in place of aminoacridines. 

Example i. 20 parts of 3:7: io-trimethyl-2 : S-diamino- 
acridinium chloride, as obtained by the action of methyl 
chloride on acridine yellowt according to D. R. P. 79 703, are 
Stirred into a cooled mixture of 50 parts of sulphuric acid and 
15 parts of methyl alcohol, then heated for 2 or 3 hours to 
130 — 140® in an autoclave, diluted with 100 parts of water, 
filtered and salted out with sodium and zinc chlorides. 
Orange shMes are obtained on dyeing with this product, 
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redder ones if the alkylation has been carried out at 170 
to 180®. 

Example 2. 20 parts of the diaminoacridinium salt are 
added to a mixture of 60 parts of sulphuric acid and 20 parts 
of methyl alcohol, then heated for 3 hours with continiious 
stirring, diluted with 500 parts of water and the dyestuff 
isolated. 

Friedlander remarks on the presence of acridine com- 
pounds mixed with the acridinium salts in Brilliant Phos- 
phine. 

Patents were obtained for the alkylation of amino- 
acridine compounds in neutral solution by the Gesellschaft 
fur chemi.schc Industrie in. Basel (Brit. P. 8872/1900 ; U. S. 
P. of Jedlicka 666095/1901 ; F. P. 299064/1900) but an appli- 
cation for a German patent (P. Anm. 12816, KL, 22 b of 
ir.4. 1912) on the part of Leonhardt & Co. for alkylation of 
acridine dyestuffs in neutral (e. g. nitrobenzene) solution by 
means of the esters of ;f-toluenesulphonic acid was refused. 

A number of patents relating to the action of formal- 
dehyde on acridine yellow in presence or absence of amines 
have been taken. When no amine is added, it is likely that 
the formaldehyde acts in part as a methylating agent ; it is 
well known that mcthylamines arc produced by the action 
of formaldehyde on ammonia (Plochl, Ber.^ 1888, 2/, 2117: 
Brochet and Cambier, Compt. rend., 1895, /20, 449, 557; Bull, 
soc. chim., 1895, in, rj, 392 ; Knudsen, Ber., 1914,47,2694; 
Jones and Wheatley, /. Amer. Chem. Sac., 1918,40,1411). 
Friedlander (VI, 489) expresses the opinion that the dyestuffs 
obtained by heating aminoacridines with acid and formal- 
dehyde under pressure belong to the class of the Patent 
Phosphines. 

Cassella & Co. (Brit, P. 15064/1901 ; D. R. P, 131 365/ 
1901; F.P. 3x2771/1901) first condensed dyestuffs such as 
acridine yellow (or their leuco compounds) with formal- 
dehyde and metadiaraines ; the result!!^ dyes were stated to 
be more orange or, brown in' shade, to be faster to Hg^t and 
allmlt, and further, in consequence of their greater tKisIcity, 
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to give more soluble salts and have a greater affinity for 
tannined cotton and leather. The dyestuffs are said to be 
also formed by condensing tetraaminoditolylmethane with 
formialdehyde in presence of acid and a metadiamine, but the 
reaction does not lead to such good results. 

Example i. Suspend 27 kilos of acridine yellow in 
150 kilos of hydrochloric acid (7.3 kilos HCl), at 40^ add 
8 kilos of formaldehyde solution (38 Vo) 3-nd 12.1 kilos of 
powdered m-toluylenediamine. Boil for 36 hours under reflux, 
leading through a current of air. Dilute the clear dark brown 
solution and add sodium, and preferably zinc, chlorides. , 

Example 2. Dissolve 36.6 kilos of w-toluylenediamine 
in 180 litres of dilute hydrochloric acid (21.9 kilos HCl), 
then add 17.6 kilos of formaldehyde solution (38^/0) at 45®. 
After standing for 6 hours, add V2 kilo of ferric chloride, 
then boil for 36 hours under reflux, passing a current of air 
through the solution. Precipitate the crude dyestuff and 
separate from unaltered acridine yellow by solution in dilute 
hydrochloric acid in which the acridine yellow is much less 
soluble, and again precipitate. 

The operation may* be shortened to 5 to 6 hours by heat- 
ing in an autoclave to 120 ^ 

The dyestuff made from m - phenylenediamine dyes 
brownish yellow, that from dimethyl-w-phenylenediamine, 
orange. 

In an additional patent (D. R. P. 132 116/1901) claim 
is made for the condensation of acridine yellow or its leuco 
compound with aniline, 0- and p- toluidine, xylidine, mono- 
and di-alkylanilines and monoalkyl-o-toluidine in presente 
of formaldehyde. 

Example i, Heat 25.6 kilos of tetraaminoditolylmethane, 
90 kilos of hydrochloric acid (21 ^ Be.) and 270 litres of 
water fdr 7 hours at 145 — 150^ Cool, and add 9.3 kilos of 
aniline and 8 kilos of formaldehyde solution (38 Vo)* Close 
the autoclave and heat for 2 hours at 105— -iio^ Salt out, 
any leuco compound accompanying the dyestuff is oxidised 
spontaneously. 
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Example 2. The quantities for the leuco-acritline yellow 
are as before, but add 6.3 kilos of dimclhylaniline and 
8.2 kilos of formaldehyde solution and heat for 6 Innirs to 
130 

Cassclla and Co. took an imlepondent patent for the 
action of formaldehyde without an amine (I). R. F. 135 77*/ 
iqor). As an example, the following quantities are given. 

Heat 25.6 kilos of tetraaminoditolylmethanc with dilute 
hydrochloric acid as above, rof)I, add 8. r kilos of formal- 
dehyde solution (38 Vo) and heat for 6 hours at 125". Cool 
to about 80" and blow over the contents of the autoclave 
into 20tx) litres of salt water (concentration not stated). The 
reddish yellow dyes thu.s obtained are claimed to be very fast 
to mflHng and light; they may be used for leather &c. 

Several methods, other than those referred to, have 
been used for making new dyes from acridine yellow, pre- 
sumably by alkylation. 

In place of the monochloracetic acid mentioned in 
Mcister, Lucius and Bruning’ss patent (D. R. P. 133788/1901) 
the alkyl esters of this acid may be employed (D. R. F. 
136729/1902), leuco-acridine yellow being heated with ethyl 
chloracctate for i hour at 120®. The resulting dye gives a 
bright yellow on tannined cotton. 

The dyestuff produced by alkylating acridine yellow 
with alcohol and hydrochloric acid (D. R. P. i^$yyi/iqo 2 ) 
may be converted into another dye by Rt>lution in to times 
its weight of concentrated sulphuric acid and, at alnnit 50®, 
adding three-fifths to its own weight of formaldehyde, stirring 
and heating for one hour, eventually to 170®. By solution 
in water (30 parts to i part of dyestuff taken) and addition 
of 4 parts of sodium chloride, a by-product is removed, the 
resulting dye being precipitated from the filtrate by zinc 
chloride and sufficient alkali to neutralise most of the excess 
of sulphuric acid. 

The dye gives orange yellow shades on tannined cotton 
and leather; it is not an individual substance but contains a 
mixture of acridine and acridtnium derivatives. 
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Dyestuffs of unknown constitution, but stated to possess 
valuable qualities, are obtained by beating acridine yellow 
or benzoflavine or the hydrochlorides of their leuco com- 
pounds with glycerine (Badische Co., U. S. P. 746981/1903 
of C. L. Muller; D.R. P. 151206/1903). Thus 10 parts of 
acridine yellow and 20 parts of glycerine are heated for 4 to 
6 hours at 170 — 180*^, or 10 parts of benzoflavine with 
15 parts of glycerine for 5 hours to 165 — 170 ^ The melts 
are afterwards dissolved, filtered and salted out, both dyes 
give orange shades on tannined cotton and leather. 

In an additional patent (D. R. P. 151 207/1903) the. pro- 
cess of heating w-aminobenzoflavine (D. R. P. 45 294) with 
twice its weight of glycerine for 3 flours at 165 — 170° is 
described. 

The production of dyestuffs resembling phosphine is 
claimed in patents taken out by Leonhardt & Co. and! the 
Gesellschaft fiir chemische Industrie in Basel (U. S. P. 
730 771/1902 ; F. P. 241 916/1902 ; D. R. P. 144 092/1902 ; 
additional patent to D. R. P. 79 203/1894). An example states 
that 100 kilos of acridine yellow (colour base) is suspended 
in 1000 litres of water and 90 kilos of 30 per cent hydrochloric 
acid, 36 kilos of acetaldehyde are added and the mixture 
stirred and slowly heatedi by steam to 70 — 80 The acridine 
yellow goes into solution, the liquid is allowed to cool and 
salted out. 

Acridine yellow forms salts with mineral acids which 
are usually sparingly soluble. To overcome this difficulty, 
Bayer & Co. (Brit P. 11666/1902; U. 9 . P. of Nastvogel, 
716084/1902; F. P. 321272/1902; D. R. P. 140848/1902) in- 
troduced salts of monobasic organic acids e. g. formic, acetic, 
propionic, butyric, valeric, glycolHc, lactic etc. The forma- 
tion of th^ salts may be effected by direct union of base and 
acid) or by double decomposition. 

Benzoflavine forms salts with several organic adds 
which are more soluble than tho^e with mineral acids ; their 
production is mentioned by Bayer & Co. (D. R.P. 142453/ 
1902.) I 
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Tetramethyl- 2: 8 - diamrnoamdine, (Acridine Orangr.) 

Whilst the condensation of formaldehyde with m 
phenylenediamine does not proceed as smoothly as that with 
m * toluylenediamine, dimethyl - m - phenyleriediatnitie react % 
with formaldehyde giving tetramethyltetraaminodiphenyl- 
methane. The same compound tnay also he obtained by 
nitration of 4 : 4’-tetraTnctliyIdiaminodiphcnyImcthaiie and 
subsequent reduction. 


(ch,),nQnh, n^Qn(ch,). 


Leonhardt & Co. (Brit. P. 8243/1890 ; U. S. P. of Bader, 
503305/^803; F. P. IMS 459/1890: D. R. P. 59179/1899) con- 
densed the tetraamine by means of acid and oxdised the 
resulting dihydroacridinc to dyestuff which they introduce*! 
under the name of Acridine Orange. 

Example i. $ kilos of tetramethyltetraaminodiphenyl- 
methane, 10 kilos of 30 per cent hydrochloric acid and 30 litres 
of water arc heated several hours at 140®. The contents «>f 
the vessel are extracted with water adding acid if ncces,sary, 
and the dyestuff precipitated by the atldition of ferric and 
zinc chlorides. 

Example 2. 5 kilo.s of tetraamino base, 50 kilos of con- 
centrated .sulphuric acid and 200 litres of water arc evaporated 
in an opeen vessel and finally heated for some time at 130®. 
Oxidation takes place spontaneously by the action of the air, 
after cooling, the mass is considerably diluted and salted out 
with sodium and zinc chlorides. 

I.,eonhardt & Co. took out two additional patents, fn 
D. R. P. 67 609/1890, claim was made for the use of ethyl 
Snstefad of methyl derivatives; D, R, P. 70935/1892 deals 
with tetraalkyltetraaminoditolylmethanes ; whilst in D. R. P. 
67126/1890, the same firm describe the condensation of 
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dialkyl-w-diamines with formic acid or substances capable of 


yielding formic acid such as oxalic acid. 
2C,H,(NH,)(NRJ + HCO,H = 2H,0 + NH, + ^^’1 


N 



Example i. 12 kilos of dimethyl- w-phenyldiamine, 12 
kilos of dehydrated oxalic acid, 10 kilos of zinc chloride 
and II kilos of zinc chloride are heated gradually to 150^ 
with continued stirring and kept at that temperature for 
3 hours. 

Example 2. 12 kilos of dimethyl-w-phenylenediamine, 
10 kilos of formic acid (s. g. 1.2) and 10 kilosl of zinc chloride 
are caused to react at 150 — 160®. 

Example 3. 12 kilos of diethyl-w-phenylenediamine, 12 
kilos of dehydrated oxalic acid, 15 kilos of glycerine and 
15 kilos of stannic chloride are slowly heated to 170® and 
kept at that temperature for 2 hours. 

Leonhardt & Co. extended the reaction to the case of 
the! condensation products of aromatic aldehydes with dialkyl- 
w-diamines thus obtaining alkylated derivatives of benzo- 
flavine (D.R. PP. 68908/1890, 70065/1891, 71362/1892). 

In their patents, Leonhardt & Co. do not describe the 
preparation of tetraalkyltetraaminodiarylmethanes, having 
taken over the patent of A. Gerber & Co. of Basel (D. R. P. 
60 505/1889). 

One preparation of tetramethyltetraaminodiphenyl- 
methane is as follows. 

1. A mixture of 40 grams of dimethylaniline, 100 cc. 
of alcohol and 30 cc. of fuming hydrochloric acid' is cooled 
and treated with 125 cc. of 40 per cent formaldehyde solution, 
allowed to stand for one or two days, warmed and poured 
into a concentrated solution of sodium acetate. The yield 
is quantitative, m. p. 90-~9i®, after crystallisation from 
alcohol (Biehringer, /. Pr, Chem,, 1896, n, 54 f 240 ; see also 
Pinnow, Ber., 1894, 27, 316^. 

2. 10 kilos of the tetramethyldiaminodiphenylmethane 
in 200 kilos of concentrated sulphuric acid are nitrated at 
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o — 5" with 9.5 kilos of nitric acid (53 Vo) 3^ kilos of 
sulphuric acid. After some hours, the mixture is po*ured 
into 1000 litres of ice and water and directly rc<luced with 
40 kilos of zinc du.st. The isolation of the base is not <lescrihcd 
in the patent, compare Biehringcr, loc. cit. 

The other preparation of tctramethyltetraarninodiphenyl- 
niethane is described by Richringcr (Inc. cit., 242). A mixture 
of 5 grams of dimcthyl-jw-phenylcnedianiine {2 mols), 10 cc. 
of alcohol and 0.9 grani.s of 20 per cent hydrochloric acid 
1/8 mol.) i.s cooled and treated with 1.4 gram 40 per cent 
formaldehyde solution (i mol.). The condensation product 
crystallises out ; after some time the mother liquor is poured 
off, the re.sidue dried and extracted with ligroin from which, 
on cooling, tlie base separate.s a.s yellowish needles. After 
several recrystallisations from ligroin and eventually from 
alcohol, Biehringer obtained the! compound with m. p. 139 to 
141 


Acridine Orange NO (Leonhardt, Sivoz and Boasson), 
Euchrysin j R (Badischc) or Orange pour Cuir (St. Denis) 
occurs as the zindchloride, C,tH,oN,ZnClj|, an orange coloured 
powder, soluble in water and alcohol with orange yellow 
colour and green fluorescence. Hydrochloric acid reddens the 
solution, caustic soda produces a yellow precipitate, the solu. 
tion in concentrated sulphuric acid is nearly colourless with 
green fluorescence, dilution turns the .solution first red and 
further dilution orange yellow. The dye can be used on cotton 
(antimony-tannin mordant) ; the fa.stncs8 to light and itoap is 
moderate. 

Reference has already been made to the further methyl- 
ation of similar compounds (Ullmann and Marie, Ber., tgot, 
34,4316). A solution of tetramethyldiaminodimethylacridlne 
(3.8 grzms) in botling arfiydrous toluene (500 cc.) reacts 
immediately wth methyl sulphate (2 gmms) giving a red 
crystalline precipitate of the acridimum methylsulfdmte, 



CH„^0,CH. 

(CH,),N(^fSN(CH.), 
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The corresponding* nitrate was also prepared ; cotton mord- 
anted: with tannin is dyed a beautiful orange red, fast to 
alkalies. 

The use of acetaldehyde in place of formaldehyde for 
the preparation of acridine dyestuffs received the attention 
of the Gesellschaft fiir chemische Industrie in Basel, the 
resulting compounds were found to be far more soluble 
(Brit.P. 15659/1902; RP- 241 916/1902; D.R.P. 143893/1902). 

Example i. 25 parts of w-toluylenediamine are dissolved 
in 500 of water and 10 of cancentrated' sulphuric acid, cooled 
to 5 — 10® and 4.4 parts of acetaldehyde added with stirring. 
After some time, the condensation product is precipitated 
as a resin, by the addition of caustic soda solution ; the sub- 
sequent elimination of ammonia with closing of the acridine 
ring can be effected in, open vessels on the water bath but 
is better carried out by heating under pressure for 4 hours 
at 130 — 1 50®. For condensing liquid, 6 to 8 times- the quantity 
of 20 per cent sulphuric acid can be used. The sulphate of 
the dye is fairly soluble! in cold and very easily in hot water, 
thus distinguishing the compound from acridine yello'w. 
Another distinction lies in the lack of precipitation of dilute 
solutions by weak alkalies such as sodium carbonate and 
ammonia except under special conditions. 

Example 2. 27 parts of dimethyl-w-phenylenediamine in 
300 of water and 25 of concentrated! hydrochloric acid (or 10 
of concentrated sulphuric acid) are condensed with 44 parts 
of acetaldehyde. After standing several hours, the tetraamino 
base is precipitated and ring formation effected by heating 
from 3 to 4 hours at 140 — 150 ® with' 15 — 20 per cent sulphuric 
add- This is followed by oxidation and salting out. 

Acid Dyestuffs of the acridine series can be| obtained by 
sulphonating the dibenzyl d'erivative of aciidme yellow 
(Bayer & Co., D. R. P. 141 297/1902)- As am intermediate, 
manoben2:yl-?^4oluylenediamine: is necessary. This confound 
(m.p. 80^) is prepared by benzylating ^-nitro-o-toluidine and 
reducing the resttlritig j^-nitro-o-beozyltoMdine (m, p. 124^). 
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A tetraamino base results from the condensation of tlie 
diamine with formaldehyde, it may be sulphonated either 
before or after the elimination of ammonia. Special oxhlation 
of the leuco compound to dyc.stuff is slated to be unneces.sary 
a.s it is effected either by presence of air or by the action 
of the fuming sulphuric aci<l during .sulphonation. 




cn, 

_^QNH.CIhQH, 

NO, 

C.H,ClI,-NH^Nn, NH, 

c:h,V 


Cll„ 

Q.nhcii,(:,h. 

mu 

Qm.i-awh 
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Example i. 42.2 kilo.s of benzyl -»«■ toluylencdiamine 
in 200 litres ol 5 per cent sulphuric acid are condensed with 
7-5 kilos of 40 per cent formaldehyde at the ordinary tem- 
perature. The tetraamino base (m. p. 157 * after crystallisation 
from alcohol) is precipitated by alkali, and 43.6 kilos are 
heated with 400 kilos of 25 per cent sulphuric acid for 7 hours 
at 160". After cooling, tlie mixture of the acridine arwl its 
leuco compound is separated from the motlier liquor, dried, 
powdered and sulphonated with 6 tinie.s the quantity td 
fuming sulphuric acid of 25 per cent anhytlride content, Wlien 
a sample i.s completely .soluble in alkali, the sulphonation 
mixture is poured on to ice, the dyestuff disulphostic acid 
separating as a red powder. 

Example 2. 43.6 kilos oi well dried dibcnzyltetra- 
aminoditolylmethane base are stirred with 300 kilos of 25 jat 
cent fuming sulphuric acid, when a sample is soUible itt 
alkali, the sulphonation mixture is poured on to 1200 kilos 
of ice, and the resulting solution hea,ted for 7 hourth at 160 •* 
under pressure. On exposure of the reaction mixturtf to the 
air for some time, the aciidine-disulphonic add separates as 
a red crystalline precipitate. 
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CHAPTER VIII. 


AMINO-DERIVATIVES OF 5 -PHENYLACRIDINE 


The monoamino derivatives of plienylacridine are re- 
latively ummportant, but as has been pointed out in the 
general survey of the acridine dyestuffs, several of the diamino 
derivatives have attained considerable importance as leather 
dyes. 

2 -Amino-^ : y-dimethyl-^-phenylacridine formed the sub- 
ject of a patent of the Badische Co. (D.R. P. 118075/1898). 
The condensation product of one molecule of an aromatic 
aldehyde with one molecule of a w-diamine if warmed with 
a parasubstituted amine and its hydrochloride furnishes an 
‘'imide'' which is further transformed into an acridine, the 
dihydro-compound' undergoing spontaneous oxidation. (Com- 
pare Terrisse and Darier, D. R. P. 107 517.) 


QH,-CH:N 








NH 

■’-'■nh.+ch,C^/)S 

QH, 

The anhydro- compound from 122 grams of w-toluylene- 
diamine and 106 grams of benzaldehyde is dissolved in 6 to 
8 times its weight of ^-toluidine at 100 ^ 400 grams of p- 
toluidine hydrochloride added and the temperature raised to 
I2CH— 160^. The operation is finished in about 12 hours, the 
melt poured into water and the solution filtered and salted 
out. 

The dyestuff forms a brown powder, difficulty soluble 
in water with brownish yellow colour, alkalies precipitate a, 
yellowish brown base. Excellent dyeing properties were 
asrigned to the material which was recommended for the 
replacement of phosphine. 

In an additional patent (D. R. P. 125 697/1898) the pre- 
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paration of the same dyestuff by heating* lOO parts of tetra- 
aminoclitolylphenylmethane with 200 parts of ^-tohiicline base 
am\ 250 parts of hydrochloride for some hours at I2c>“-i40^ 
is described. In this case, one molecule of w-toliiyleiieciiamJfu* 
is split off. 

2 -Anilino-S-phenylacridine was obtained by E. Bestliorn 
and W. Curtman. (Ber,, 1891, 24. 2045) ^>y heatings a mixture 
of 10 grams of dibenzoyidiphenybw phenyleiu*clianiine with 
25 grams of jcinc chloride to 250 



N 

+ ( i' j^( 


Qii, c ji, 


<;h 
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The residue was dissolved in the minimum quantity of hot 
alcohol, on cooling, a zinc chloride double salt crystallised 
out from which the free base (nt. p. 196 — 197*) was isolated. 

By heating tlie anibno-comiKJund with 20 per cent hydro- 
chloric acid to 270 — 280“, 2-hydroxy-5-phen|ylacridine Was 
obtained. 

2:8- Diamino-z : 7 - dimethyl . 5 - phenylacridine ( Benso- 
flavine). This dyestuff was discovered by C. Rudolph and its 
production patented by K. Ohier (Brit. P. </jI4/iB88; 1). R. P. 
43 7M/X887 ; U.S.P. 382832). 

The following steps are described. 

(i.) Preparation of BenzyIidene-»»-to!uylenediamine. Grind 
12 kilos of m-toluylenediamine with water and add io.6 kilos 
of benzaldehyde, allow the mixture! to harden, powder, wash 
and dry. 

(2.) Preparation of Tetraaminoditolylphenylmethane. 
Warm 75 kilos of benzylidene-m-toluyknediamine with 85 
kilos of w-toIuylenedSarmne sulphate and 500 kilos of water 
at 60 — ^70“ until ail is dissolved, dilute and precipitate by 
alkali. 

Operations 1 and 2 nmy be combined, EMssoIve 61 kilos 
of «i-toluylenediamine and 98 kilos of its hydrochloride in 
200 kilos of alcohol, add 53 kilos of benzaldehyde and warm 
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to 70 — So" imti! no fnitJuT M'p.'iiation of {in* |jy«Iri«'hltti iit<* 
of the ti'traaniino-hasf «H'cnrj>. Tinn cooi an.l fiinr <»ff tin* 
sait, CsjHs^N^.allCl {Meyer ami R.liross, lU-sfiihf ( 

Her., JJ. 255H,) 

(3,) Preparation of 2;H Piamiiui 3:7 ‘litiielhyJ 5 pin nvi 
tlihytiroacritiint*. Heat 1 kilo of le-traaiuinoiiitMlviphenvl 
methane anti 5 kilos of t.i'|j j«T cent liyclroi filoric acid hir 
5 hours at t6o®. 

(4.) IVeparation of Henzoflavtiw. A«l«l ^jokito'* of 30 per 
cent ferric chloritle solution to a colil sohifnin of tofJtkilit . 
of leuco-base in <lil«te hydrochloric acitl eoiitainiiig isine 
chloride. Filter off the vokuninoiw yellow precipitate, pres* 
and dry. 

According to the patentee, henzoflavine ami it* analogtirs 
are difficultly soltdde in cold, more easily in hot water, they 
are jjrecipitated by juldition of hydr<K’hlorie acid. C tmeen 
t rated sidphurk acid gives yellowish stdiilifuis with green 
fluorescence ; the alcoholic solution* exhibit intense yellowish 
green fluorescence which «lisappears on .addition of dilute 
adds. The basex themselves arc colmirles.* {c«unj»itre Meyer 
and Gross), insoluble in water, soluble in alcohol. 

An additional patent ( 1 ). K. l*. 437i»V*l^7) ds'serihes 
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zinc cliloriilc for lo hours at 2fn)'\ (3 : 74 >iiiic*thyi« 5 '-p!!r!iyh 
I 04 nethylacricliniiim iodide forms If mg red needles, rti, |i. 
i 8 fi^-i 87 

Meyc‘r and (dross (Inc, cit., afteinptecl In 

2 : 8 »cliamino- 5 -|>henylacri(line from heiizaldehydc* tiiid m 
plienylenediamine, but althoiigli a dyestuff was olitained, they 
were unable to isolate a pure material, llu^y found Ilia! wdiilst 
wdoliiylenedianiine eondtmses with flifflculty with a si'‘Coiif! 
molecule f.>f benzalfkdivfle (Schilf, Atuiiden, iHdd, /,/ri, only 
tlie dibenzyliflene derivativ«* fif i/i-pheriykmeciiamiiie, rn« fi. 
104“ ‘105 ^ could he obtained. 

Hewitt a!i<l fd>K {I'cnnsAAiem, Sin\n pre» 

pared oilier flcrivatives using .Mark lb I\ 2 ({)hler) as- source 
of tlic Iia.se, DiacetyllKutzoflavine does not mcdt below aBo'k 
the tetraacetyl derivative tiielts at 264** (273^ corr.). The di- 
acetyl compound forms a metliiodide (I), the alcoholic sol- 
ution of wliich is precipitated by aninionia. This precipitate 
is at first pale in colour and is probably the carbiriol base (I I), 
it darkens considerably on drying in the desiccator after 
crystallisation from alcohol ; and, on analysis, gives figures 
for the expected carbinol base minus one molecule- of water. 
Its constitution is represented l)y (IH). 

< ..--l 

N N 

cfr,coNHy‘ / '/ A’licricir, 

ciiaVYVcn. cn.V’yV 

CJh 

( 1 ) 

cn, cn. 

CH,CON'ilY‘f^A: Nil yYYN: Nil 

Q I ! J- A' H , C H\/ VsyC f f , 

f!V) 

By boiling the last substance (III) with 33 per ct?nf sulph- 
uric acid the other acetyl group is removed, on liberating 




/\ 

C,H, ON 

(In 


I 


i 
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till* base with aiiiiiiunia and crystaili^ani^ fruin atnilitil i»r 
cli!arofi,irni» small iiredh’s t%Kliilhtiiig a i^ri’rn riih'S, arr 
ThrHe mitvix at abmit 3 'i 5 ** and nirit at 2i6 
(232-— 233 ” coria), AiialvNi^ agri*es witli the* funnnla 
m tlial the siihstance prolialily thr 

refireseiiteil hy IfV). 

By lieatiiig lieii/xifliivifie for 2 day;^ at iHo” in arid »4rd 
iition iitifliT prc!»i%iin.% DiiiiHian an*! C’lravrriy i'i‘raitKj.*hem. 
Sm., icic>7, tfmt) rejibceil llie iimiiio groii[rs by liyilrM.^vl 
llie fret 2: H.-diliyclr0X'‘'3 : /aiimidhybliditniylarriilirir (llrii/,o 
fliivcii) erystallimfs from alcoliol in dark brown itrrtlirs* in, |i, 
255™2ficj^ The lioliilimi in coficeni rated iiilplitirie aciil ^Iiowh 
a strong* bltiisli green fliiorescetiee. The i'!ie}irorimtf% jilie- 
liiiic!i!orifit.% and pierale were prepared ai well m the diaeely! 
(rn. p, 239— 242 and di!>etuoyt derteiitives. Tlir tliacefyi 
fieri valive reacts %vi!li irirlliyl ioflide or ,^ii!phati% wlieii ttirie 
acridifiiiiin salts are cofiipietely liydroiysed arnl jirecij'dtatrd 
by aininoiiiio ati aiihy«lro 4 iase 

iJb 

c. 

OH, 

» obtained, 

SuhstiMed Bmmflaiiims, Derivatives nt lIrn/oHavine 
can be obtainri! by ct>nc!en*if»g other ahlehyilcH witii m to! 
nvlrnrdiainine am! workinif up the trtraatnino ronipottmis 
prwhicfd (Dhler, D, K. !*. 45#>4/iKH7; U. H, P. oC (J. 
Rudolph, ,P75<<M9), 'J'«>hial«!i*hyfk* kivch a h«»mol»>uui* o! !i#tfiifo> 
flaviiic simitar pro|)crties to ihr oritfina! substance, 

M<»rc inlcrestiiijf is the use of nilroheni^ahlehydes since 
with the para comt«iiiiiil one may arrive at derivatives of 
a;R:5-^-triamii)opbeny!acr»line, the itarent bane of ihe 
rheoflines fwre p. ty*)). ITte preparation ia tkftcrihrt!. 

(1.) Prepare the hydrochloride of a;H*diannno-,^;7 di 
methyhs./*.»iitropheny!acrl<Jhne hy heatinif 21.5 ki!*i* ,»f f* 
nitfot>enetld«bydc, 347 Ititot of ift.tokiyitttediamine, aK kilos 
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of hydrochloric add (22.5 ® Be.) and 100 kilos of alcohol 
(96®/,,) for .some hours on the water bath. 

(2.) Reduce 26.5 kilos of the product of the last reaction 
by gratlual addition to a warm mixture of 45 kilos cjf stannous 
chloride in 120 kilos, of hydrochloric acid (22.5“ Be.). Dilute, 
remove tin with sulphurette<l hydrojjjcn and precipitate the 
crystalline pentaaminoditolylphenylmethane by addition of 
alkali. 

(3.) Heat 10 kilos of the pentaamino-base with Cio kilos 
of hydrochloric acid (i6®/„) under pressure for .some hours 
at 160®. Tlie hydrochloride of triaminodimethylphenyldihydro- 
acridine separates almost completely on cooling. 

(4) Add 1 50 kilos of 20 per cent ferric chloride solution 
to a dilute solution containing 30 kilos of the dihydroacridine, 
30 kilos of hydrochloric acid (22.5* B6.) and zinc chloride. 
Isolate the precipitated dyestuff which is stated to resemble 
the ordinary benzoflavine. 

One nitro group may be introduced into tetraamino- 
ditolylphenylmethane by dissolving 10 kilos of its sulphate 
in go kilos of sulphuric acid (66® Bd.) and nitrating at 5 to 
15® with 4.6 kilos of a mixture of 2 parts of sulphuric acid 
(66 ® Bd.) and i part of nitric acid (44 ® Bt*.). The product is 
probably identical with that obtained by condensing ^-nitro- 
benzaldehyde with »i-toluylent*diamine (filler, D. R. P. 45 298/ 
1888). 

Alkylation of Bmsoflavine. The amino groups of benzo- 
flavtne may be alkylated (compare acridine yellow) by heating 
under pressure with an alcohol and a mineral acid* (Ges. f. 
chem. Ind. Basel, D.R. P. 79703/1894). 

Examples are as follows. 

(1) 2 parts of benzoflavine, 4 parts of methyl alcohol and 
2 parts of concentrated hydrochloric add are heated for 
4 hours at 150 — 160®. 

(2) 4 parts of benzoflavine, 10 farts of concentrated 
sulphuric acid and 3 parts of methyl alcohol are heated for 
4 to S hours at 190 — 200®. After cooling, dilute with water, 
filter, precipitate the base with soda, collect, wash, dissolve 
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ill dilute Iijilmcliloric acid, fdtt*r from rcHiiioiiH malirr.^ aiifl 
cvajKircitc! to dryness. 

Cotton iiiordafilrd with laimin h dyvtl ;% bright rrddi:'di 
oriinge, by attriilion to ttir {>roj>ortion id ^tdjilnirir arid and 
alcolioh micier or yellower t!ye?i llnin |iho^jiliini* may hr 

olitaiiiccl 

Acridiim Oriiiifr R ijrim the hydrocliloridr nf irtr:i' 
iiieltiyi- 2 : 8-cliaitiiii€i-s»phefiyIacridiiie 

% 

{Cti,),NQ''j-QN(t:H,),. Hc :j 
i;ii* 

and was discovered by lU rifler in |8% (Leciiiliardt, Brit, I*. 
8243/i8yo: D. K, I*. 689r)Hj, llcnzaldeliytlc is c«mcktm*d witSi 
dimethyl-m-idienyleiu'iliaiiiiiH' in alodifilie Hidntiofi in j»ri’'*c>u;c 
of hydrochloric acid, the clenicnts of aimmniia removed from 
the tetraamino-base by beating witit acid and the resniting 
tctraaiwnophenyldibydroacritiine oxidised to the dyesttiff, 
Tlte colouring matter forms an orange yellow powder. 
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rise to a series of well crystallised salts (Dingier s i<%3, 
168, ,133). Hofmann assigned" the formula t*.) tiie 

base (probably the chrysaniline is accompanied by lioiiiolo- 
gues, compare pararosaniline and rusaniline) and descrilMMi 
salts with I or 2 molecules of hydrochloric or nitric acids 
(Compt, rend., 1862, 55,817 ; hihresb., 1862, 346: Zeiischr. 
/, Chem., 1863,(5,33). Other salts such as the picrafe, 
CyJijfiNii, 2 ILO, and triniclhyl and t rielliyl 

derivatives formed by the action of alkyl halides, were 
obtained by Hofmann at a later date (Eer., 18%, 2, 378). lly 
heating chrysaniline with methyl iodide and methyl alcohol 
to rcx:)^ red needles of the composition 2 HI 

were produced ;frf>m this salt, ammonia removed one molecule 
of hydriodic acid giving a monacid yellow salt. From this 
latter compound, tlie free base was obtained by the action of 
silver oxide, it was isolated as an amorphous ycdlow powder, 
iriisoltiljle in water but soluble in; alcohol. In the light of oi.tr 
present knowledge, it looks as if the methyl iodide converted 
one amino into a dimethylamino group and also attaclied 
itself to the nitrogen atom of the acridine mtdeiis. 

F*or the isolation of chrysaniline, advantage may fte taken 
of the sparing solubility of the nitrate in dilute nitric acid. 
The mother liquor from t!ie preparation of fiiclisine is 
precipitated by sodium chloride and lime, the ^■lrecipilale 
dissolved in dilute nitric acid and tlie nitrate precipitated by 
tlie addition of more nitric aci<I (Graebe aiicl Diefil, Ber., 
1879, f 2, 2241). 

Impure chrysaniline nitrate was used; iitider the name of 
phosphine. TTie free base can be considerably purified by 
frequent crystallisation from benitene, and is then olitaiiict! 
either as golden yellow needles or leaflets conlainitig one 
molecule of benzene of cryitallisation, O. Fischer mvl (#. 
Korner completed the purification, by boiling the betizene 
compound with dilute sulphuric acid, prccipilaling the base 
by caustic soda and crystalliiing from dilute (50%) alcohol. 
It ii thus ■ obtained as long golden yellow neecllefi coiilaiiitng 
two molecules of water. 


AMixo tiak^ of :* ^ fukxyl \ ohho sk t ^'^7 

llir ;iii!i v*lriiU"-« h^-n/mr li't’r i’m!U|ii * inHi iiH--!f% ;ii jhj 
III ;nti\ may \*r Hi amiil *|u;uHili*- . um haut^r-M . 

llii' i’-- M'arcriv -.ishililr- in au*! NMinri^luii dilli- 

t:ii!flv ill aliHiiiiil. 

/\ v iiM!r?l ;il>i»vr, rlif lH'hav»' ' a liiiir!*! 
IfriM’.. ’I lia* it a I'lianiiiiH itrinauin’ ' »! |ih> jr. l.u i hIhi*- r. 
f%'itiHfi! fruiH flir fast tliat **n s!ia/‘ 4 iaa! i» tn aia! i rrai imm! 
willi ali**,.»hsil, |i!iiiiyiat'rislitN.’ i? f, |‘i'-^«"hr-r am! * 

Knriiim* iK,||. 1 lir Ijr^a liuinr^l %:^nnY^n\w\ 

\v;i\ ifiriililirfl avitli tlw j»r««ltit"f ri|j|aiiita| h%' ilrrnlh’n’it lr*'tiii 
ilijiiirriylaiiiiiir :ifi<l rvulrmn* ;ih t*i 

tlir i:y|iHfitiilif,iii laf rJiry^iiiiilitii^ h atlitr*lri| liy $ 1 ^ biriiiaJbai 
frrtiti m p, ^ 1 ai;iiriiti#»lri|>liriniiiir!lntiii" liv %vsl!i ar-riiir 

;iciii Iti 1 Sii I Fi) {lH;M,fItrr .aii«l !i*iriirr, lfj(\ ril,^ tH 8 |, 


i . M ^ Hy I 


(') 

Mi, 

(}m iiiiiito gr«'»ii|> ill rliry.%»iiiltiie h rrpli'i«.a.’'it by liyiiiii-^yl 
%vlicii if h hratrti ivilli hydm^Uhmc mckl 

i)iiKs*lyli:hrystmilim\ Cliryiiiiftilimt may l:>r arriylatril liv 
liotiiig ivilli iVg wriultl of acrlic aiilnaltwlr Inf 

13 to i*|o- iMH-f. ly. loHriirr 

ami Koniirr foiiipJ tliat iicvtylfAlioti etmUl hr li'tr* |r4 ai 
orfliiiary l.liiiiMaii aii«l llrwiit i trmiM i‘hi*m 

}K|| by }is»i!iiig ctiry^iiiilirir milti list 
Ilf hiw$l ai’rlali* atiil fWt* limits ili of arrli^* 

iiiiliyrirklr inv four hour# r«lly^ olilaiitwl n itirit roto 

laiiiiiiK bolii triooirriyl aiv! iJiactly! (itn. |o 

Iliacrlykliry^^iiilinr i* t fnoiiacid biit wlikli mict/i 
with itinkriilr of iiirthyl tolkk or iiilfiltatti itk* re^tilliiig 
tefirtiniiiiii «It^ oil ri'iiiipitte hyilrolyifi ftiriiiili ais tiiiliy4ro- 
tes« Clliiiitiiii awl Ikiftllp Im. ril.)* 




i68 


SYNTmJTIO GOLOUMNO MATTERS 



Ewer and Pick (D. R. P. 29 142/1884) cstal>Iishetl aj neat 
synthesis based on tlic ascertained constitution of the base. 

Paranitrobcnzoylparanitrodiplicnylanunc was obtained 

cither by the action of /--iiitroheiuoyl chloride on )>.nitro. 
diphenylaniinc or by nitrating i^‘*'hrobenzoyidiplienyJainiiie. 
The dinitro-conipoiind was condensed to dinitroacricline and 
the latter reduced to an isomeride of chrysaniline. 

N 



O' 

V. 

6 


The patent, dated tsf April, 1884, was allowed to lapse 
in December of the same year, it docs not seem to have Iwcn 
of much technical importance. 

(1) I reparation of ^-nitrobeuKoyl.p.nitrotliphenylaminc, 

a. Heat equal weights of /» nitrodiphe»ylaniine and p. 
nitrobenzoyl chloride to 220“ until hydrogen chloride is no 
longer evolved. Purify by crystallisation from alcohol, 

b. Mix 10 parts of A-nhrobcnzoyldiphcnylamine with 
5 parts of nitrobenzene, and add a’/, parts of nitric acid of 
Jg. 1.52. The temperature should not rise alwwe 30*. 
Remove the nitrobenzene in a current of steam. 

(2) Condensation to Dinitrt^henylacridine. 

Heat 10 parts of /'-nitrobcnzoyl./^-nitrodiphenylaniinc 
'll chloride and 3 parts of aliiminiunf 

chloride for 12 hours in an autoclave at 250— ayo* Extract 
the melt with dilute hydrochloric acid, dissolve the residue 
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in concfntratfd Milphuric aci<! am! Hfparati* tiu* diriitruplu’nyl- 
acri«!ino by atblitbin nf watt r. 

Reduction to ChrysaniltJie. (Really an isMinerifJe •!* 

(ornted.) 

Dinitroplienyiacriiline is heated fur 4 hours in an auto, 
clave at tlo“ with 10 tiiiie.s its vveiKhl <»(;deoholie ammonium 
sulphide. IHsltl off the akohfd and ammonium sidphide, 
dissolve thti resithie in dilute hydrochloric acid, pass a strong; 
current t>( air hir l hottr and filler. Neutralise with lime atid 
salt out with parts of sodium nitrate ami sufficient sfiditim 
chloride. 

C 7 irv.w/>/ii'««/, C,,If,,ON,, resnlls from the action of 
Bpart.s (»i concentrated hydrochloric acid on chrysanilinr on 
heating for .smne hours at iHtt". In this case one amitui 
group is re|»lacrd hy hytUr^myl (riatts), the product of the 
reaction was further exatniitied hy t), Fischer and (». Kdrner 
(AHHolett. 1HR4, iXi). lliinstan and Hewitt (Tram. 
Chem. Snf., 147^) heated for a longer time using, 

probably, a slightly weaker acid. The cry»t.alline ntaterial in 
the tube, obtaiited in accordance with the equation 

c„n„N, + n,o 3 i!u NH.a + c„n,/>N*,. nc I. 

was regarded as a mixture of ammonium chloride and chryso. 
phenol hytlrwhloride by tlaus and Fischer and fCdrner. Ott 
acemint of the apjiarent homogeneity of the jirmluct, Uunstan 
and Hewitt consider that it ntay lie a double salt. By solution 
in water and addition ‘d exeets of caustic soda, any residual 
chrysanifine is preripitatet! and may be removed by filtra* 
tion, (*hry«r»pben«l is obtained from the filtrate by exact 
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caustic soda but not in sodium carhonati’ solulioii. Diarctyl 
and dibcnzuyl derivatives (the latter was analysed as chro 
mate) may be obtained, the former reacts wiiii nniiivl -u! 
phate givitij? an acridinium eonijtound. If the latier be i»*iled 
with dilute sulphuric acid, the acetyl groups ar.- rnu.tved 
and on exact neutralisation with albali. a tlomiiml preii 
pitate is obtainc<l, soluble both in alkali ami acid. < )» di ving, 
the precipitate liecoines very dark, it separates from aleohol 


as a dark red crystalline deposit, then giving ligme agreeing 
fairly well with the formula ( I'lobaldy a i arhinol 

base is first precipitale<l which furnishes an auhydro l»a*e 
on drying (Uunstaii and Hewitt, Im. lit. i jyd). 


Cl-b^^/SO.fll, 
N 


< 11 , 

N 


< 11 , 

N 


( If, 


OCO'""'"- (X.0"" 
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I 
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c: 

I oil 


(j -^0 
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1 

0 






ar 


'jj 

C 
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III 


NIL 


Kll 


0 

NfICOCH, NH, 

It will be noticed that Diuistjui and Hewitt asunm* tliat 
it is the amino group in position 2 ami not that in the 5 /• 
position which is rei»laced by hydroxy! win 11 chrysaniliiie i* 
heated with coiiceiilraled hydrodiloi ic acid. This has not 
been definitely proved, liyl is rendered extremely piobalde 
by the considerable mobility of the amino gremjrs in benziJ- 
flavine (L. Cassdla and C‘o„ H. H. P, 121 {j8t>), and in acridine 
yellow (Ulhnann and Fitxcnkani, Ikr., iy05,,?*V, 


Jhmolncfim of f ‘hr if mu Him. 

The special advantages of chrysaiiiHiic (fasiiiesa to light 
and even dyeing of leather) as compare*! with diamiini. 
acridines containing Ijoth amino groups in the acridine 
nucleus led to attempts to synthesise homologiies of chry* 
aniline in a technical manner. This was accrnnpUsherl by 
Meister, Luciu.s and Brflning (D. R, P. dS 985 /i 8 rj 2 ) by heat 
ing wt-nitraniline and ^-toluidine with hydri»cbloric acid ant! 
a chloride of iron to a hig^ temperature. The following 
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directions are given for carrying out the reaction. A mixture 
of loo parts of />-toluidine, 30 parts of the hydrochloride] and 
100 parts of ferrous chloride are heated in an iron vessel 
provided; with a stirrer to 190 — 200^. When the mixture is 
fused, 30 parts of w-nitraniline are gradually added. The 
reaction then takes place with evolution of heat, care has to 
be taken not to let the temperature go above 220 After all 
the w-nitraniline has been added and the temiperature fallen 
somewhat (to about 190 — 200^), the melt is run into 3000 
parts of water and boiled for half-an-hour with addition of 
30 parts concentrated hydrochloric acid. 

The deep yellow solution is filtered whilst hot from in- 
soluble resin which is again boiled up with 100 parts of 
water and 3 parts of hydrochloric acid, the solution being 
filtered and added to that first obtained. The united filtrates 
are then salted out with 10 parts of zinc chloride and a 
sufficient amount of sodium chloride. 

The crude dyestuff is obtained as a shining resin ex- 
hibiting a green metallic lustre, to purify the material it is 
boiled with 300 parts of water, allowed to cool, filtered from 
resin and the filtrate fractionally precipitated with dilute 
sodium carbonate solution, resinous matters coming down 
first and then fairly pure colouring matter. The correct point 
is judged by filtering a sample and noting whether a dark 
resin or a yellow flocculent precipitate is obtained, if the 
latter point is reached, the resinl is separated by filtration and 
the filtrate precipitated by ammonia. 

The base is converted into a crystalline salt (large 
garnet red prisms) by solution in hot 10 nitric acid, the 
nitrate thus obtained has the composition C20HX7N8, HNOg. 

The base (m. p. 230 is soluble in benzene, alcohol and 
ether with yellow colour and green fluorescence. Wool, silk 
and tannined cotton are dyed a reddish yellow. 

The chief patent was followed by several subsidiary 
patents taken out by the same firm, these may be noticed 
in order. 

Tn D.R.P. yS 377/1894, the replacement of the m- 
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nitraniline of the chief patent by w«nitrophenol is described, 
the reaction in this case must be represented by the equation 


N 



IH, 


NIf 


1 


100 parts of /(-taluidinc hydrochloride, 30 parts of p. 
toluidine and 10 parts of ferrous cliloride are and 

stirred together. 30 Parts of w-nitropheiiol arc then intro- 
duced, care being taken that the temperature of the melt 
does not much exceed 220®, The further operations are 
carried out as described in the chief patent. 

In D. R. P. 79263/1894, the use of ethers of wi-iatro- 
phenol was protected. 

2 C^H^N + C,H« (OR) (NO,) == 2 H ,0 -f ROH -f C„H„N,. 
The reaction was carried out exactly as in D. R. P. 78 377, 
thd w-nitrophenol being replaced by an ccjual weight of nitro- 
anisole or nitrophenetole. 

The preparation of a higher homologtje, Cj„H„N,, is 
described in D. R.P. 79585/1894, the m-nitraniline of the 
original patent being replaced cither by »-nitro />.taiMidine or 
by /i-nitro-o-toluidine. Both nitrotoluidines give tlie same 
product, the free base melts at 212*. 


Anh, 

CH.V 


CH, 


H, 


nh/\no, [ 

veil, V 




■ 3H,0 + 



The quantities of the materials taken and method of carrying 
out the reaction are as in the preceding patents, but it is consi- 
dered advantageous to convert the dyestuff arentually into 
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the sparingly soluble nitrate wbicW crystallises welL I Ih fn « 
base shows a magnificent green fluorescence in €llM*ri 4 hh ii 
tion. The shades on silk, wool and tanniued art 

golden yellow, more on the green side than thasr 
with chrysaniline or its- first homolog*ue. 

D. R.P. 79877/1894 describes the preparatirm of yrllow 
to orange dyestuffs of the same class, the w-nitranititif’ 
analogous compound ^being| replaced by or di 

alkylaniline or a homologue. Thus using' the ijiiatilittr% and 
method of preceding patents but replacing the |aif’i of 
w-nitraniline by 30 parts of w-nitrodirn^thyIaiilliti€% #1 ciitiiiif 
ing matter is obtained, the base of which melts at 
sparingly soluble in water, but readily in alcolicil uf elfirr 
with yellow colour and green fluorescence 

=2H,o + nh«+ V 

u o 

NH, \y 

Nth 

Several other dyestuffs prepared by this prtifr!i» ror 
respond to colour bases which are difficultly soluble in watrr 
but easily in the usual solvent? with! yellow colour aiul grriftt 
fluorescence. The nitrates arej almost insoluble in flilwtr nilrie 
acid, somewhat difficultly soluble in cold but easily in hoi 
water with yellow or reddish yellow colour. Tile billowing 
table gives the properties of the dyes obtained friitn f n»! 
uidine and various alkylated nitranilines. 


N itro-compound 


ssw-Nitromonomethylaniline . . , 
^Nitromonoethylaniline .... 
^i-Nitrodimctliylaniline . . . . . 

iw-Nitrodiethylaniline 

#-Nitromonomet!iyl-o-tolmdine 
/«Nitrodimethyl-<?-tol uidine . . 
<»-Nitrodimethyhjp-toluidine ^ . 


Colour base, 
formula 

M.P. 

\ f «« iiil 

C„H„N.(CH,) 



C„H«N.(CaH») 



C„H„N,(CH,), 

330* 



83 * 


C„H„N,(CH,), 

83* 

■ Yeltew. 

C„H„N,(CH,V 

70 * 



338*. 

! Y«ltow Igfffii 
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According to D. R. P. 8i 048/1894, the w-nitraniline or 
w-nitrophenol of earlier patents may be replaced by nitro- 
compounds containing chlorine, bromine or the nitro- or 
sulphonic-groups in the meta position. For example, a mix- 
ture of 100 kilos of />-toluidine hydrochloride, 20 kilos of 
j^-toluidine, 20 kilos of ^-nitrotoluenesulphonic acid (CH^: 
S03H:N02 = i :2:4) and 10 kilos of ferrous chloride are 
heated) in' an iron vessel provided with a stirrer to 180 — 220°. 
Formation of colouring matter is finished when no more 
water distils over. The further working up is carried out as 
desoribed in the earlier patents. 

The particular nitro-compounds claimied are ^^-chloro- 
or bromo-benzene, m-nitrobenzenesulphonic acid, ^-nitro- 
toluenesulphonic acid, w-dinitro-benzeme and w-dinitroluene. 

The Badische Co. (Brit. P. 14920/1897; U. S. P. of P. 
Julius and G. Darier 617340/1897; F. P. 267848/1897; 
D. R. P. 94951/1897) obtained 2 : 5-/>-diaminoderivatives of 
5-phenylacridine by condensing dimethyl-/>-aminobenzal- 
dehyde with monoaryl derivatives of w-toluylenediamine ; 
instead of the expected leuco-bases, the dyestuffs themselves 
were directly obtained'. 

Example. Intimately mix 3 kilos of dimethylaminobenzal- 
dehyde and 5 kilos of phenyl-w-toluylenediamine hydro-' 
chloride and heat in an enamelled vessel to 140 — 150® until 
viscous and' a sample on cooling solidifies to a brittle mass. 
Then powder and extract with 200 litres of hot water con- 
taining 2.5 kilos of hydrochloric acid (s. g.T.15), cool, filter, 
precipitate resinous impurities by a limited amount of salt- 
peter, separate, cool with ice and . salt out. (? as nitrate.) 
Dry the yellowish red precipitate at 30 — ^40 ^. 

Of the dyestuffs . described, that from j^-aminobenzal- 
dehyde and phenyl-w-toluylenediamine is easily soluble and 
dyes tannined cotton or leather yellow. With ^-tolyl-w-tol- 
uylenediamine, a moderately soluble dye giving a reddish 
yellow is obtained whilst dimethyl-/>-aminobenzaldehyde con- 
denses with both aryldiamines to give difficultly soluble 
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ns 


pri^diiciiiif ■t.iraii| 4 ;r hruvvn shades. 11 k* formati^Hi cif 
one iiieinl'irr rjf tlir series is rt'ina/sentcd by tlu? etinafiou 


Q-." 


run 


N 



KfCdl.i, 

Tlie iiilraltsH an* k*SH soltdile than the liydrnclilnridrs,, 
caiislic soda givt.^s bright yellow, flocciileitt precipitaU*^ rd the 
bases* soiiilde in etlM‘r witli greenish yellow colour and strong 
green Hiiorescence. 

Resinous impurities are fonnef! in tlie preceding process 
and to reinerly lliis defect the reaction may be carried out 
at a I'fHViT teniperaliire using alcohol as a solvent anri adding 
fi*rric rliloridi* to oKiflise tlie Untco comi>ottncl formed. 
(Ikil. l\ 21 l.I S. P* cif P. Julius and A.Tkatsch 

6i9 577/iByB; Ad<litirm to hi P. 267 84K dated 5. B. iBcjH; 
rx R. II 102 072/1%#.) 

Example l. Diisolve 5.5 parts of |)heny!-ta toluylene- 
ditmiiie hydrochloride in f5 parts of alcohol and add a mix-* 
tiire of 2.4 parti of ^^aminoltenzaldehydt? arifl 5 {larts of 
crystallised ferric chloride. Boil 6 hours under reflux, distil 
off the alroliob dissolve the resicitie in parts of hot water 
and filter. To the still warm filtrate add 5.5 |:>arls of nitric 
acid (40^ Be.), allow to stand 24 hours and filter off the 
heavy yellowish red powder. 

Example 2. iJissfdve 1.5 parts of dimethylamincdHUi^ib 
deliyde in 4 parts of iilcohol, also 2.5 parti of fcnrric chloride 


If) a iMiiliiig ftoliiliort of 2.75 parti of phenyb»f.4oliiy!c?ite- 
diatiiifie in ft parts of mlcohoL Boil 5 hoiiri uiickr rciiix, 
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of NaNOg per 100 of solution. Stand 10 hours, filter, press 
and dry at 40 — 50®. 

Meister, Lucius and Briining" (D. R. P. 106 719/1898) find 
that the first homologue of chrysaniline, C20H17N3, can be 
obtained by heating equal weights of j^-aminobenzylidene- 
/)-toluidine, m-toluylenediamine hydrochloride and /^-toluidine 
slowly to 180® and keeping thd melt at this temperature until 
it becomes thick and shows a metallic reflex. It is then 
extracted with hot acidified water, the solution filtered and 
salted out with sodium chloride. 


This process, although it leads to the same dyestuffs as 
those described in earlier patents of the same firm, in some 
ways more resembles a method described by the Badische 
Co. considering] that the compound of a primary base with 
an aldehyde is used. The patentees explain the whole reaction 
as depending on the following intermediate steps. 



ch; 


• Dyestuff 

,NH„ 

CH- 
t 


NH 


0 

NH, 



NIL 


Bayer & Co. (Brit. P. 16718/1899; F. P. 295142/1899; 
D. R. P. 1 14 261/1899) obtained alkylated 2 : 5-jf>-^diamino de- 
rivatives of phenylacridine by the condensation of o-acyl- 
amino-/>j^-tetraalkyldiamitiobenzhydrols with parasubstituted 
primary amines, hydrolysis, condensation and final hydrolysis 
of the leuco-compound. The German Patent was allowed to 
lapse in November 1902, the interest of the process is suf- 
ficient to warrant a slight description. Assuming the Pa- 
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tentees are right in the way they explain the reactions, the 
formation of an acridine derivative must be represented by 
the following scheme. (Compare however D. R. P. 116353.) 


Qne, CH3CONHQ 
CtlOH 




NR, 


I 

0 



The necessary acylaminotetraalkyldianainohenzhydrol is 
obtained by the following steps. (Bayer & Co., Brit. P. 
571171894 ; P. P. 239 031 ; D. R. P. 79 250/1894.) 

l. Tetramethyldiaminodiphenylmethane (25.4 kilos) in 

sulphuric acid (200 kilos, 66® Be.) is nitrated below 10® by 
addition of mixed! nitric (10.8 kilos, 40 ® Be.) and sulphuric 
(14.2 kilos, 66 ® Be.) acids ; the nixture poured on ice and 
precipitated by alkali. I 

rr. ^-Nitrotetrametliyl-^p-diaminodiphenylmethane, m. 
P- 95 °; (30 kilos) in hydrochloric acid (100 kilos, 20® BL) 
isi treated with ice and zinc dust (20 kilos). The triamino base 
melts at 96®, its monoacetyl derivative at 136®. 

m. Acetylaminotetramethyldiaminodiphenylmethane (3 1. 1 

kilos) is dissolved in a mixture of sulphuric (monohydrate, 
15 kilos) and» acetic (30 per cent, 100 kilos) acidfe and 
oxidised by gradual addition of lead peroxide paste 
(15 per cent, 160 kilos). An intense bine colouratioii attends 
the hydrol formation ; the lead sulphate is filtered off, the 
base precipitated by alkali and crystallisedi from' alcohol. 
M.P. 162®. I 


Hewitt, Syntlietic. 
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NRa 

0 

NR, 

0 

NR, 

0 

NR, 

0 

NR, 

0 

\/ 

I 

CH, -J. 

1 

Y 

CH, 

1 

CH, 

1 

CH, 

1 

1 

CHOH 

1 

5 


1 

Anh, 

AAnhcocHs /Anhcoch, 

NR, 

NR, 

NR, 

NR, 

\/ 

NR, 


In condensing the acetaminotetramethyldiaminobenz- 
hydrol with /^-toluidine, 32.7 kilos! of the former are dissolved 
in 200 kilos of 10 per cent acetic acid, ii kilos of />-toluidine 
added and the mixture heated a short time at 50 — 60 100 

kilos of hydrochloric acid (36 per cent) are then added and 
the mixture heated for 5 hours at 135 — 140®. Finally, oxid- 
ation to dyestuff is effected with ferric chloride. The dye 
gives an orange red on tannined cotton. 

The compounds obtained with w-phenylenediamine, m- 
toluylenediamine, dimethyl - w - phenylenediamine and 2- 
naphthylamine dye brown, yellowish brown, orange and 
orange red shades respectively. Their formulae should be 


N 


NH,, 


1 N(CH«), 


N 

ch«V\A/ 

C 


N(CH3), 


ncch^). 


N N 

N(CH,), 

(Compare p. 179) for triaminophetiylacridines.) 

Very shortly afterwards (Bayer & Co., D. II. P. 116353/ 
1899) claims were made . for the preparation of the same 
dyestuffs directly from the ammotetraalkyldiaminodiiphenyl- 
methanes without preparing the acylaminohydrol; thus 27 
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kilos of aminotetraalkyldiaminodiphenylmethane and 20 kilos 
of m-toluylenediamine hydrochloride are heated to 160°. It 
is expressly stated that the dyestuff obtained corresponds 
with the dyestuff of D. R. P. 114261 in all its properties. 

This is certainly remarkable, for the product from the 
hydrol is a leuco base, that from the diphenylmethane com- 
pound, a dyestuff. 

Friedlander (VI 478) remarks that the dyestuff forma- 
tion corresponds to the synthesis of a monoaminoacridine 
derivative from tetraaminoditolylmethane and ;^-toluidine 
described in D.R. P. 118076. 

That the two patents should have beenl allowed to lapse 
in 1902 is perhaps significant. 

Triamino Derivatives of Phenylacridine^ (Rheonine.) 

The 2:8: 5-/>-triamiina derivatives of phenylacridine con- 
tain amino groups both, in the chrysaniline and benzoflavine 
positions, the first compound of the series was discovered by 
C. Rudolph (Ohler, D. R. P. 45294/1887; U. S. P. 395080). 
At a later date, 2:8: 5-^-trianunophenylacridine was prepared 
by Meister, Lucius and Briining by the condensation of 
diaminobenzophenone with w-phenylenediamine (D. R. P. 
89660/1895), a similar reaction giving rise to alkylated 
derivatives having been patented by the Badische Co. in the 
pre\dous year. 

Ohler's method (D. R. P. 45 294) consisted in condensing 
^-nitrobenzaldehyde with w-toluylenediamine, reducing the 
resulting nitro-tetraamino compound to a penta-amino base, 
closing the acridine ring with elimination of ammonia and 
oxidising the leuco base. 

I. Heat 21.5 kilos of ^-nitrobenzaldehyde, 34,7 kilos of 
M-toluylenediamine, 28 kilos of hydrochloric acid (22.5 Bd.) 
andi 100 kilos of 96 per cent alcohol for some hours on the 
water bath. After cooling, filter off the hydrochloride, wash 
and dry. 

EC. Add 26.5 kilos of the nitrophenyltetraaminoditolyl- 
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methane hydirochloride gradually to a warm solution of 
45 kilos of stannous chloride in 120 kilos of hydrochloric 
acid (22.5 ® Be.). Largely dilute, remove tin with hydrogen 
sulphide, filter and precipitate the crystalline base by addition 
of alkali. 

III. Heat 10 kilos of pentaaminophenylditolylmethane 
with 60 kilos of 16 per cent hydrochloric acid for some hours 
to 160^ under pressure. On cooling, the separation from 
the solution is nearly complete. 

IV. To a very dilute aqueous solution of 30 kiloi^ of the 
dihydro base containing 30 kilos hydrochloric acid and also 
zinc chloride, add 150 kilosi of 20 per cent ferric chloride solu- 
tion. Filter the precipitate, wash with dilute sodium chloride 
solution, press and dry. The dyestuff is stated in the patent 
to completely resemble benzoflavine. 

In an additional patent (D. R. P* 45 298/1888), Ohlen 
claims to obtain the same nitrophenyltetraaminoditolyl- 
methane by nitration of the condensation product of benzal- 
dehyde with w-toluylenediamine. For this purpose, 10 kilos 
of the sulphate are dissolved in 50 kilos of sulphuric add 
(66 ® Be.) and 4.6 kilos of nitrating add (2 parts sulphuric acid 
of 66® and i part of nitric acidi of 44® B6.) gradually added 
at 5 to 15®. The reaction mixture is diluted, the nitrotetra- 
amino base precipitated by sodium carbonate solution and 
purified by solution in dilute acid, filtration and reprecipi- 
tation by alkali. 

Shortly before the application to protect the conden- 
sation of diaminobenzophenone with w-diamines, the Badische 
Co., as mentioned above, patented the production of colour- 
ing matters of phosphine type by heating the hydrochlorides 
of w-aminoarylauramines either by themselves or in presence 
of the hydrochlorides of thq corresponding #f-diamines (Brit* 
P. 1352/1895 ; U. S. f. 546 177; F. P. 244 6&) ; D- R. P. 82 09 / 
1894). Compounds of this type were introduced under the 
name of Rheonine. The reactions involved may possibly be 
expressed by the scheme 
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To promote the conversion of the auramine into an 
acridine derivative, ferric chloride may be added, suitable 
temperatures lie between 170 and 210 ^ 


To obtain the necessary auramines, several methods 
may he employed. 

I. A tetraalkykiiaminodiphenylmethane is heated with 
a w-diamine in presence of sulphur. 

CH, (QH,NR,), + C,H* (NH,), + 2 S 
= 2 H,S 4- C ( : NQH.NH,) (QH,NR,),. 

II. Ordinary auramine is heated with a w-diaminc. 

C ( : NH) (QH,NR,), + 

= NH, + C ( ; NQH^NHa) (QH,NR,), 

III. The chlorkk corresponding to a tetraalkyldiamino- 
benzophenone reacts with a w-diamine. 

CC 4 (C.H,NR,), + QH,(NH,), 

== 2 HCl -f C ( : NQH.NH,) (QH^N'R^)*. 

IV. A tetraalkyldiaminobeenzophenone is heated with 
the hydrochloride of a m-diamine. 

CO(C,H«NR,), + CA(NH,), 

= H^O + C ( : NQH*NH^ (C,H,NR,)*. 

The following example for auramine preparation may 
be taken. 

Heat 26 parts of tetrametlyidiaminobenzopbcnone and 
18 parts of wt-phcnylenediamine dihytfe-ochloridc for 4 to 
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6 hours to 130 — 140® with contintious stirring. After cooling*, 
extract the solidified melt with warm water, filter and pre- 
cipitate the auramine with sodium chloride. Filter off, press, 
dry and powder. For other derivatives of benzopheiione or 
other diamines, the corresponding equivalent quantities are 
taken. 

It should be kept in mind that these auramine; bases are 
unstable and easily resolved into the substituted' benzo- 
phenone and diamine by thie; action of acids. 

In order to convert these auramines into acridine 
derivatives, their isolation is unnecessary, the' reaction mass 
containing such a compound may be he.atedi for some hours 
to 180 — 205 with or without the addition of more w-diamine 
or its hydrochloride and zinc chloride. The formation of 
the acridine dyestuff is illustrated in the patent. 

Example i. 100 parts of w-aminophenyl- (or tolyl-) 
auramine hydrochloride m heated! in an enamelled vessel in 
an oil bath to 190 — ^210® for about 5 hours. The melt, ori- 
ginally orange brown in colour, becomes darker and assumes 
a greenish metallic lustre, setting on cooling to a brittle 
mass. The melt is dissolved! in 2000 parts of hot water acidi- 
fied with 50 parts of hydrochloric acid (20^ Be.), filtered and 
precipitated with zinc and sodium chlorides. For further 
purdfication, the precipitate is dissolved in 1000 parts of hot 
water, 200 parts of hydrochloric acid! being addeed, allowed 
to cool, poured off from separated resinous matter, neu- 
tralised with caustic soda and precipitated with sodium 
chloride. Finally, the product is. meltedi on the water bath 
with 50 parts of hydrochloric acid, evaporated to dryness 
and powdered. 

Example 2. 40 parts of tetramethyldiaminobenzo- 

phenone, 27 parts of fw-phenylenediamine dihydrochloride 
and 9 parts of w-phenylenediamine are heated in a covered 
enamelled vessel for 4 to 6 hours under continuous' stirring, 
the oil bath surrounding the vessel being maintained! at 195 
to 2x0®. An auramine is first formed, this gradually disap- 
pears and the completion of formation of the acridine dye- 
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stuff is found by taking samples of the. melt and dissolving 
in dilute hydrochloric acid. Whilst the auramine is de- 
colourised by this treatment (resolution into ketone and base) 
the acridine dyestuff is stable, so that if the sample when 
dissolved in dilute hydrochloric acid and heated shows no 
diminution in intensity of colour, the formation of the 
acridine dyestuff may be taken as finished. The solidified 
melt is dissolved in 400 parts of boiling water with the addi- 
tion of 20 parts of hydrochloric acid, cooled, filtered and 
salted out with zinc and sodium chlorides. To obtain an 
easily soluble salt, the precipitate is treated with 20 parts of 
hydrochloric acid as in Example, i. 

Example 3. 48 parts of tetramethyldiaminobenzophen- 
one, 27 parts of m-phenylenediamine hydrochloride, 9 parts 
of w-phenylenediamine and 25 parts of zinc chloride are 
heated for 4 to 6 hours at 190 — ^205^. The melt is treated 
in the same way as ini Example 2. 

The dyestuffs thus obtained form brown or brown black 
powders with a: feeble metallic lustre, they are readily soluble 
in water with a brownish yellow colour and green fluorescence 
and dye tannined cotton or leather brownish yellow. 

Rheonine (A, AL, N, Badische Co.) is a brown powder ; 
it is the! dye obtained from tetramethyldiaminobenzophenone 
and w-phenylenediamine. Both aqueous and alcoholic solu- 
tions are brownish yellow and fluoresce green, caustic soda 
gives a bright brown precipitate. The solution in hydro- 
chloric acid is brownish red and has an orange red fluor- 
escence, that in concentrated sulphuric acid is brown and 
fluoresces green, on dilution the colour turns brownish red 
and the fluorescence to orange red. 

Besides being used for the production of brownish 
yellow shades on cotton (tannin and antimony mordant), silk 
and leather, rheonine is also used in cotton printing. The 
shades given by this dye are fast to light* and washing. 

The process of Meister, Lucius and Bruning (D. R. P. 
8 g 660/1895) differs from the foregoing in that dianmnobenzo- 
phenone or it$ diacetyl (not tetraalkyl) derivative is employed. 
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Further, whilst a; compound similar to aminobenzoflavine is 
formed on) heating with a w-diamine, this is to be considered 
as an intermediate product, for on further heating, a more 
brownish yellow dye is produced. 

Example. 61 parts of diamlinobenzophenone and 
54 parts of w-phenylenediamine hydrochloride are melted 
together at 180*^. The fusion is facilitated by adding one- 
seventh of its weight of free base! to the w-phenylenediamine 
hydrochloride. 

The melt is kept for two hours at 180 — 190® with con- 
tinuous stirring, the temperature is then raised for several 
hours to 220 — ^230 ^ After cooling, the resulting brittle, 
brown mass is dissolved in 1000 parts of hot water with 
addition of hydrochloric acid. The solution is cooled, filtered 
and salted out with zinc chloride. The resultant mass is 
dissolved in warm dilute hydrochloric acid, evaporated to 
dryness and the residue powdered. 

If diacetyldiaminobenzophenone is employed, the acetyl 
derivative of the dye is obtained, this is hydrolysed by boil- 
ing with acid. 

The patent mentions that if the heating of the melt be 
stopped after half-an-hour, a yellow dyestuff having the 
properties of aminobenzoflavine may be isolated. Evidently 
the first stages in the process may be represented by the 
scheme 
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It is pointed out with some care that the dyestuff differs 
in that produced by the Badiscbe Co. (D. R. P. 82989) in 
greater covering power and yellower shade. 

In a further patent of the! Badische Co. (D. R. P. 85 199/ 
5) the condensation of tetraalkyldiaminobenzhydrols' with 
.famines is described, the products obtained being con- 
bed' on long heating into dyestuffs having the properties 
liose described in D. R. P.; 82989. In this' case, the course 
:lie reaction can be expressed by the following scheme, 
which it is understood that oxidation somehow takes,' 
:e. 



For example, 18 parts of m-phenylenediamine dihydro- 
►ridei dissolved in 50 parts of water are added to 27 parts 
:etramethyldiaminobenz:hiydrol dissolved in 25 parts of 
rochloric add (20® B6.) and 130 parts of water. After 
or three hours on the water bath, the condensation is 
j)lete, the liquid isi diluted, excess of acid neutralised with 
■um carbonate andl thel base precipitated with sodium ace- 
^ filtered, washed and dried. 

The product (formula I above) has the properties of a 
cy compound and yields on oxidation a bluish viole,t 
liring matter of the rosaniline series. 

To obtain the acridine dye, 10 parts of the condensation 
Inct as free base and 10 parts which have been converted 
hydrochloride by evaporation with&e necessary amount 
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of hydrochloric acid, are mixed with 5 parts of w-plien: 
enediamine dihydrochloride and heated for 5 to 6 hours 
160 — 170° with continuous stirring. The melt is dissolve 
in 100 parts of hot water, 40 parts of hydrochloric ac 
(20° Be.) being gradually added, allowed to cool, filter< 
and the base precipitated with sodium carbonate. By meai 
of excess of hydrochloric acid, the base is converted into i 
hydrochloride and is then evaporated to dryness. 

In a further example, 27 parts of tetramethyldiamin 
benzhydrol, 6 parts of w-phenylenediamine and 18 parts < 
its hydrochloride are stirred for one to two hours at 100 1 
120®. The temperature is then kept for 5 or 6 hours at it 
to 170°, the resulting melt being dissolved in 250 parts < 
hot water with gradual. addition of 100 parts' of hydrochlor 
acid (20® Be.). The further working up is as in the la 
example. 

The A. G. f. Anilinfabrikation (D. R. P. 288 841/1914) hi 
made use of the thio compounds obtainable from! m-diaminc 
by the action of sulphur. These thio-derivatives were pr( 
duced by Kalle and Co. (D. R. P. 86 096/1894) by boilin 
m-diamines with alcohol and sulphur. For example, 10.8 kilc 
of w-phenylenediamine are dissolved in 80 kilos of alcohc 
and boiled for 5 or 6 hours under reflux with 6.4 kilos c 
sulphur, sulphuretted hydrogen being meianwhile evolvec 
The alcohol is then distilled off, the residue dissolved i 
dilute hydrochloric acid, filtered and precipitated with sodiur 
carbonate. After crystallisation from a mixture of alcohc 
and acetone, greenish yellow, prismatic needles melting a 
about 73 ® are obtained. The corresponding compound fror 
^/^-toluylenediaraine melts at 145 

The conversion of such thio-derivatives into acridin 
dyestuffs is described in D.R. P, 288841. 

Example i. Liquefy the product obtained fromi2.5 part 
of w-toluylenediamine and 64 parts of sulphur, add 25.4 part 
of tetraniethyldiaininodSphenylinetKane and 5.5 partfs o 
powdered! ammonium chloride and raise the temperature ii 
the course of the reaction from about 120® to about 160 t< 
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180°. Sulphuretted hydrogen and ammonia escape, when the 
evolution of the latter gas ceases, the formation of the hydro- 
chloride of the acridine dye is taken as complete. 

The liquid melt is then stirred with dilute hydrochloric 
acid, care being taken that the reaction is feebly acid at the 
end of the operation. Addition of solid sodium chloride and 
zinc chloride solution salts out a rc.sinous mass which is <lis. 
solved in warm water, filtered, salted out with sodium and 
zinc chlorides and dried. The dyestuff gives strong orange 
yellow shades on leather. 

Example 2. 22.6 parts of p, />’-diaminodi-o-tolylraethanc, 

12.5 parts of w-toluylencdiaimne, 6.4 parts of sulphur and 

5.5 parts of ammonium chloride arc stirred and heated. All 
evolution of sulphuretted hydrogen is generally finished after 
2 to 4 hours at 140®, the temperature is then raised to 170 
to 180®, ammonia escapes and when no more isi evolved, the 
temperature raised from t8o to 200* and kept at this for a 
short time. The melt is worked up as in example l, the 
dyestuff g^ves an even yellow on leather. 

Example 3. 25.4 parts of tetraincthyldiaminodiphenyl- 
methane, 13.6 parts of dimethyl-w-phenylenediamine, 6.4 part.s 
of sulphur and 5.5 parts of ammonium chloride are treated 
as in example 2, the resulting dyestuflf gives brownish red 
shades on leather. 

p, />’-Diamiinodi->«-mcthoxydiphenylniethane i.s also men- 
tioned as a component, whilst it is stated that goorl olive 
shades are obtained in condensing />,/>’-diamino<li-o-toIyl- 
methane with 2:4-diamino-i-mcthoxybenzene. 

Derivatives of S-o-carboxyphmytacridim. 

Comparatively little has been done with these substances. 
The Badischc Co. (D, R, P. 73 334/1893) converted the 
2 : 8-diamino-5-o-carboxyphcnylacridinc of R. Meyer and O. 
Oppelt (Ber., 1888, 2/, 3576) into esters, Friediander (III, 297) 
describes the operation as being of no especial technical 
interest. The methods described in the patent consist in* heat- 
ing with an alcohol and a mineral add, or by heating the 
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compound directly with an alkyl halide. Compare D. R. PP. 
49850, 61867; also Friedlander II, no. 

By the direct condensation of phthalic anhydride and 
w-diamines, one molecule of the former reacts with three 
molecules of the latter, the product being a derivative of an 
amide of 5-0-carboxyphenylacridine. 


0s>° 


+ 3 


NHjfANH, NIh 
VCH, _ CH, 


N 


0 : 


A/ch, 

'C0NH-QH3(CH,)(NH,) 


The Badische Co. (Brit. P. 11711/1902; U. S. P. of 
Muller and Schmid, 716264/1902; F. P. 321 393/1902 ; D.R.P. 
141 356/1902) utilise the reaction, subsequently removing the 
third molecule of m-diamine by acid hydrolysis ; in this way 
homologues of the diaminocarboxyphenylacridiae of Meyer 
and Oppelt are produced. i | 

Example i. 25 parts of monophthalyltoluylenediamine 
(m. p. 192®), 18 parts of w-toluylenediamine base, 10 parts 
of its hydrochloride and 14 parts of zinc chloride are heated 
4 to 6 hours at 200 — ^210®. After cooling, the mass is pow- 
dered, zinc chloride dissolved out at 50 — 60® by 400 parts 
of water feebly acidified with hydrochloric acid; the residue 
is brought into solution by boiling with 1000 parts of water 
and 30 parts of hydrochloric acid (20® Be.), the solution 
filtered and salted out. 

At this stage, one is dealing with the aminotoluidide 
whose formula is given in the above equation, hydrolysis with 
formation 'of diaminodimethylphenylacridinecarboxylic acidi 
can be effected by boiling for many hours with five times 
the weight of concentrated hydrochloric add, 

Example 2. A dyestuff, identical with that of the first 
example, is obtained by heating 30 parts of phthalic an- 
hydride, 48 parts of m-toluylenediamine and 47 |^rts of its 
hydrochloride with continual stirring*. Steam begins to come 
off at 145 the' temperature is raised to 200—210 ® and after 
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four or five hours the formation of dyestuff is finished. The 
cooled melt is powdered, dissolved! in 2000 parts of boiling 
water and 60 parts of hydrochloric acid, filtered and salted out. 


CHAPTER IX ! 

PHENONAPHTHACRIDINES 

In these compounds, the central ring containing the 
nitrogen atom is situated between a benzene nucleus on the 
one hand and' a naphthalene nucleus on the other. Derived 
from i-naphthylamine we have only one possibility of a true 
naphthacridine (I), though it is conceivable! that the nitrogen 
containing ring might be attached' to the- naphthalene nucleus 
in the peri position (II) 


2 



The latter would, however, involve a seven-membered 
ring and such a compound! and its derivatives could not be 
looked on as true acridines. 

From 2-naphthylamine, two true naphthacridines (III 
and IV) are derivable, most of the compounds which have 
been described are derived from structure III, 


I N ti 



2:1 or fit-Phenonaphthacridine. (IV) 

a-Phenonaphthacridine is obtained by the action of lead 
ojcide on o 4 olyl-a-naphthylamine (Ullmann and A. La Torre, 
Ber., 1904, 2934). 



H.-. 
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+ 2PbO = 2Pb + 2 HjO + 

The compotmd had been previously obtained by A. Pictet 
and S. Ehrlich (Annalen, 1891,^^^,155) who described it as 
a-chrysidine (m. p. 108 Pictet and Ankersmit (Bull. soc. 
chim., 1891, m, 5^, 138) had found that when' benzylideneaniline 
vapour was passed through a red hot tube, hydrogen was. eli- 
minated and phenanthridine (m. p. 104 ®), an isomeride of 
acridine, was produced. 

CH 

0N:CH0 = H. + -m 

On extending the reaction to naphthylamine compounds, 
similar elimination of a molecule of hydrogen occured, and, 
not unnaturally, Pictet and Ehrlich concluded that the result- 
ing a- and ^-"'chrysidines” possessed the respective structures 


CH CH 



Ullmann and La Torre identified the compounds as cc- 
and yS-phenonaphthacridines and gave methods for their pre- 
paration. 

In preparing a-phenonaphthacridine, c7-tolyl-i-naphthyl- 
amine is required, this was obtained by Friedlander (Ber., 
1883, J( 5 , 2082) by heating i-naphthol with o-toluidine and 
calcium chloride under pressure. Ullmann and La Torre 
describe a simpler preparation, heating the components, viz, 
25 grams of molten i-naphthol and 22 grams of <?-toluidine 
hydrochloride, in an open vessel for 4 to 5 hours at 240^. 
Steam is evolved, when the evolution of hydrochloric acid 
ceases, the brown mass is cooled, caustic soda added and 
excess of toluidine removed in a current of steam. The 
remaining oily mass is extracted by ether, on distillation of 
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the ethereal solution the oily fraction boiling between 395 
and 405® is taken as tolylnaphthylamine. 

3 grams of the secondary base and 30 grams of lead 
oxide are heated in a small distilling flask by a metal bath 
for an hour and then distilled. Without separating water 
and oil, the distillate is dissolved in alcohol and alcoholic 
picric acid added. Naphthacridine picrate separates as a 
yellow crystalline powder, by recrystallisation from alcohol 
it is obtained with an unchanged melting point, 226 — 229® 
(decomp.). 

By decomposition of the picrate with dilute caustic soda, 
an oil is obtained which soon sets to a crystalline mass, on 
recrystallisation from a mixture of benzene and ligroin it 
forms long shining needles, m. p. 108 

The solution in glacial acetic acid is yellow and exhibits 
a green fluorescence, dilution with water precipitates the 
base. The solutions in ether and benzene are colourless and 
show a feeble blue fluorescence, whilst the solution in con- 
centrated sulphuric acid is intensely yellow and fluoresces 
green. / | 

Hydrochloride, m. p. 244 ® (U. and La T.), about 210 ® 
(P. and E.). 

Nitrate, m. p. 188 — 189 ® (U. and La T.), 155 ® (P. and E.). 
The platinichloride and other salts have also been 
describe. 

The methiodide, Ci^HuN • CHgl, is stated by Pictet and 
Ehrlich to melt at 108°; Ullmann and La Torre acted on 
phenonaphthacridine with methyl sulphate and precipitated 
the solution of the resulting methosulphate with potassium 
iodide solution. They give the melting point of the methiodide 
as 262 — 263 ^ The carbinol base is described as forming 
colourless needles, m. p. no® (P. and E., no m. p. recorded 
by U. and La T.). , 

(i : 2) or / 3 -Phenonnaphthacridine. 

N 
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This compound was first of)taint‘d by I'ictct a 
(loc. cit.) and described as /?.“cliry.Hidinc’' ; its true n 
was recognised by Ullinann and La Torre in 
while-Ullniann and co-workers Iiarl already synth 
compound or homologues by varitjus methods; 
several may be mentioned. 

I. From formaldehyde, 2 naphthol and aniline 
and Nalband, /^er., 19CX), jj, yio; see also lillmai 
Torre, Ber., 1904, 37, 2922). 



In Ullmann’s patent (D. H. 1 *. t 2 .| 2 f>o/j 80 , 
1901) the following directions are given for the p 
of /l-phenanaphthacridinc (ni. p. 139.5 •)■ *0 ^ 

naplithol, 8 kilos of anilinet and i kilo of trioxyinel 
heated to i6o*, steam is evolved and tlie nm»: 
yellowish red. On distillation, aniline and the iia| 
pass over, then the ^-phenonaphthacridine above 
naphthol is removed by tlilute caustic smla anti 1 
crystallised from a mixture of benzene ami ligroii 
o-Toluidinc gives a mono- (m. p, and 

a di-methyl (m. p. 152**) phentmaphth.arridine. < 
few aminoacritiincs containing the amino group i 
position to the WMO-nitrogen atom was obt,tinet! 
5 kilos of monoacetyl - anhydrofortnaldehyth! ■ /> • 
diamine with 12 kilos of a naphtho! at 
sequently hydrolysing. 

2. By heating e-aminobenzyl alcohol with l*/j 
proportions of 2-naphth(J, Abottt 185* steam 
briskly, after about an hoar at ato® the 
finished. The product is isolated from it* akohol 
as the picrate, liberated by alkali and crystallised fr 
(Ullrmnn and C. BIzner, tBer., 190a, J5, ^o). 

3. By the action of sulphur or lea*! oxide t* 
mphthylamine (Ullmann and La Ttirre, liir., lya; 
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Tilt- rt“tjiusit«! « u4j’l-a.n;i5>hlUyiiiiuiiu‘ c:ui t>e prepared 
Iiy the cuudfiisatiun lA 15 ffranis »>f « taluidine hyilntcldoride 
with 14 grains «>f 2>na{>hth(>t, following the metlunl descriheil 
ill preparing »-tt»lyl-t-naphthylamine. 15.7 grains distilled al 
400-405*. 

The condensation to /S-phenonaphthacritline may be 
effected in two ways 

(a) 4 grams of the e 4 «lyl- 2 -naphthylamine and x. 14 grams 
of sulphur are heated to 220*, sulphuretted hydrogen is 
evolved and the reaction finished in four hours. Extraction 
with dilute acetic and hytlrochloric acids gives a solution 
from which the hydrochloride crystallises; this is decomposed 
by alkali and the base crystallised fr«mj a mixture of benzene 
and ligroin. M.p. 131 the compound is iclentical with the 
y?-chry»idinc of I’ictet and Ehrlich; yield about 25 per cent 
of the theory. 

(b) 45 jier cent of the theoretical anunmt is obtained by 
heating with lead oxicle (4 and 40 grams respectively) as in 
the case of a-phenonaphthacridine, and purifying by means 
of the picrate (m, p, ato®, sinters at 255®} which is crystal- 
lised from nitrobenzene. 

Hytirnthloride, m. p. about 220® (F. and K.). 

Nitrati, m. p. 1B7® (P. and F,.), 210® (IJ. and I-a T.). 

iV/rx/nVirfidr, m. p. 337® (F. arol E.), 5^4® (U. ami La T.). 
'Ihe corresponding carbinol base crystallises in colourless 
needles and melts at 133® according to Pictet and Ehrlich; 
t'lliiianii and La Torre describe it as small, pink, glittering 
crystals which darken on heating, sinter at 195* and melt 
at iKJS— 


lkMi*te|iiM sf Ut'PbtttMapMimfMtMi, 

Of the various methotl* given for the preparation of 
phenonaphthacridine, the first one uting etdline, formal- 
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clehyde and 2-naplithol is apparently not m salisfaclory in 
preparing the phenonaphthacridine itstdf, tlioiigli wlieii 
iiie is replaced by ^-toluidine, good yields of its nirtiiy! 
derivative (m. p. 158**, b. 460^*) may !)e obtaiiird (Ulliiiaiin 
and Naef, Ber., iy>o, jj, (ps). 

The reaction between /»4o!uidini% ^oniphtlitd and forinab 
dehyde may l)C carried ont in either of four ways. 

(a) P'ormaldehyde an«l aoiaphtfiol are condensri! and the 
product caused to react with /» toliiidiiuf, 

(b) A inixiure of 2 map!it!ioI, /^4ol«5di!ir an«l forniab 
deliyde (as tritexymethylene) is employed. 

(c) MetIiylenedi^/>4olyldiiiiide (Eberliarcll and Weller* 
Ikr.f iK 94 **? 7 » i8c') 8) reacts with 2-naplillioL 

(d) Anliydrciforiiiahleliyde'TdoIiiicliii^ and a^naiilitlicil are 
heated together. 

In all theife cases* dibyclr 0 itiid.liy!plicfiofiaplil}iiicridiiie 
sboiiki be procluced; in practice, this m accoinpaiiinl by tlie 
acridine itself which may form the chief procliicl if ttii* oxida*- 
tion has proceeded to any considerable extent. 

(a) Formaldehyde is first condensed wilti to 

2:2’‘4ihyt!faxy4 : i^dinaphthylfiielliafie, and 5 |.iaris of the 
product are gradually .added to a melt of 3.5 parts of |^d.ol. 
tiidine hydrochloride and 1 pari of pAMhMtm at lao®. On 
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(b) Heat 14.4 parts of 2-iiaphtliol and 10.7 parts of p- 
toltiidine to 150° and gradually addl 4 parts of trioxymethyl- 
ene. When the chief reaction is over, heat slowly to 200® and 
finally for 20 minutes to 220 — 230 Distil the product and 
purify the fraction of b. p. 300 — ^460^ (i7-5 grams) by washing 
with caustic soda and crystallisation (12.5 grams) {Ber,, 1900, 

if, 908). ' ' 

In D. R. P. 117472/1898 (lapsed in 1901) the quantities 
given are 16 kilos of the naphthol, ii kilos of ^-toluidine and^ 
2 kilos of trioxymethylene.^ 

(c) In this case, nietliylenedi-^-tolyldiimide is added to 
an equal weight of 2-naphthol at 120 ® (or 1 50 ®) and the 
temperature raised to 180 — ^200® {loc.cit,, 909; D. R. P. 
1 17 472). 

QoH.OH + CHs (NHCeH^CPIa)^ + O 

= 2 H2O +; + Q,Hi3N. 

Eberhardt and Welter (Ber.y 1894, 27, 1808) obtained 
methylenedi-/?-tolyldiimide (m. p. 86^) by slowly adding 77 
parts of 39 per cent formaldehyde to a warm clear solution 
of ^-toluidine (214 parts), alcohol (50 parts) and caustic 
potash (30 to 50 parts). After some hours warming, the 
solution was cooled, the product collected and crystallised 
from alcohol. 

(d) Heat 2-naphthiol with half its weight {loc. cit, 909 ; 
D. R. P. 1 17 472 specifies its own weight) of anhydroforraal- 
dehyde-/^-toluidine and finally distil the product. The yield is 
described as poor (he. c\tP) whilst the description in the 
patent is very meagre. 

Well crystallised hydrochloride, nitrate and picrate as 
well as a monosulphonic acid are described. 

Amino -derivatives of 1: 2- PhenortafkiJmeriMm. 

iChAmino-i:2’Phenomphtkacridim. Comparatively little 
is known of this compound, Friedlander (VI, 483) states that 
* it may be obtained according to D, R. P. 130 943 if w-pheuyl- 
enediamine is used in place of m 4 oluylenediamine. 
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9 -M ethyl a o amino ^ 1:2- phcn onaphihaeridipie. 

Various syntiieses of this coiiiptiiind an* descrilini hy 
IJllnmnii ami Niif {Ber,, 1900*^5,912)* the* rirt rrsiill iri rarli 
case heini^ llie concleiisatinn of e<(iiiiiioleciil:ir ijiiaiititirs nf 
m tohi ylciKaliarnine, fonriahUdiyde and 2 -iiaidit IwL 

U f 

(a) rieat 2 parts of dihydroxydiiiaplilliylitirtliaiir and 
I part each id m 4 .oluyleiicdiaiiiiiie arid its Iiytlrocliloriile 
slowly to i(k>^* and for a short time lo (llrtic of 

opcTatii.a9 45 mirniles.) hVoiri the hot akofiolic soliiticiii nf 
the melt* the diliydrodrase (m. p* alMiiit 195**) ie|iiiriileji on 
ccKdiog*, some of the colour hast* (ui* p* 245^ eorr.) imy hr 
obtained from the mother !ic|iior. In DAiJK i04 74H/iKi,iH, 
the projjortions |(iven are 3: 1 : or ollirrwist*, iii-tohiylriir- 
dhainine itself with double its weiglrl of tliliydraxydiiiitplilliyl- 
imdhanci. 

(h) 5 parti each of 24 iap}ii.lrc:il ami #i4oltiylriiediiiiiiiif 
are healed to 150^^ and i pari «if trioxyiiielliyleiie adckfii 
(c) Heat 2,B parts of a-naphlhol, oM jiart of wMliiiiti 
acetate and 14 jitrt of anhyrlroforiiialileliyileoa-lriiiiylefit*-^ 
diamine slowly to 160— iSo®. IHlmaiiii’i paleiil 
130943/1898) for this varialion of the procrii lapml in rpoa 
R Julius and W. litem (U.S/P, 6443^4/1899 traiii- 
ferred to Badiidie Co,), descrihe lltc fetclloti lirtwern 

« I --.I i_ »_» « 


lOII 


+ Cf 1,0 + 


NH 


/".NH, 

V'H, 


i-u aiUn-}. 


J 


iNil, 

-i.li. 


t ii 
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if )7 

< •,„} i/>i f f < ;i i, fc„i r, (Ci I,) rNir,),l. -f c ) 

2 lLn j. c -JJ , fCli j (Nil,), -f- C.Jf.nN, 

( t ’ilin.uin. l»c. I). R. I*. see also A.-(J. 

f, Aiiilinfabr., Rrii. i'P. if.47.1, 16475/1898; R PP. 2S0 164, 
.'H( i 37i / 1 Hf>B ; 2()2 1 5 » / 1 81//) , 

'riiv foilowiiijj niftluul is «it‘scrifi<-<i it» 1 ). R. P. 104 f/i/. 

25 parts of titraaniitifHlitolyinit'thaTK' arc aildi-d in 
purtiujis to 20 parts of 2 naphtlird at 150", Slt-am is rvolvcsl ; 
when the iindt is «|uict, tlie tcnijirratnrc is raised for a short 
tifjic* to 200*. After cooling, the mass is treated with alcohol, 
tliis ItMves Uif lenco-componml iindissolved, whilst if the 
alcoholic solution is strongly concentratet! and treated with 
caustic soda, the crdour base is precipitated. The letico 
cotnjioumi can he oxidised to colouring matter hy passage 
of ,air thrfHigh a solution in acetic .acid, or Ijy grinding with 
liydrmddoric aei<!. adfliug ferric chloride and .salting out. 

The isolation of the letico base may be avoidetl hy ex- 
tracting the melt sever, il times with fudling, very dilute, 
caustic soda sohilitni, dissolving the residue in hy«lrochh>ric 
acid, adding ferric cldoride, fdtering and s, ailing out. 

(e) The condens,alion of niethylcnediatnin<»ditolyldiim!<le 
with a naphthol is also described f>y Ulhnann ( 1 ). R. P, 
130721). 

9-Mcthy!-itvaminrM ;2-plienonaphthacri«line is e.asily sol- 
nblc in hot alcohol with ttrange yellow colour and yellowish 
green fluorescence, it dissolves with tlifficnUy in ether, henz- 
ene and toluene with yellow colour awl hhiisli green fluores- 
crnce. ('onrenl rated sulphuric aci«! give.s a yellowisli gre«*n 
solution with a very beautiful green fluorescence, the colour 
becomes yellow on dilution. 
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J. R. Geigy (D. R. P. 130360/1901) uses the methyl 
group of the toluylenediamine to furnish the extra carbon 
atom of the pyridine ring ; as a result, the lower homologue, 
aminophenonaphthacridine, is formed. 

N 

OH NH,AnH„ HCl 4. 2S = 2H,S + HaO + 

CRaX/ 

Example i. Heat 31 kilos of w-toluylenediamine, 36 
kilos of 2-naphthol, 16 kilos of sulphur and 20 kilos of zinc 
chloride with continual stirring, keeping the oil bath at 180 to 
190® as long as sulphuretted hydrogen is evolved. After 
cooling, grind up the melt and boil with; 1000 litres of water 
and 30 kilos of hydrochloric acid, filter, precipitate with 
caustic soda, collect and wash the precipitate, dissolve in 
hydrochloric acid and evaporate. 

Example 2. Use 40 kilos of w-toluylenediamine hydro- 
chloride, 100 kilos of 2-naphthol and 16 kilos of sulphur. 

The patent states that 2-naphthylamine can be used in 
place of 2-naphthol and further, that the isomeride of the 
a-series (from i-naphthol or i-naphthylamine) is extremely 
similar and scarcely differs in shade. I 

Friedlander (VI, 483) states that the yields obtained by 
this process are small. 

Alkylamino- derivatives of Phenonaphthacridine 

If 9-methyl-io-amino-i :2-phenonaphthacridine is heated 
under pressure with an alcohol and a mineral acid, hydrogen 
of the amino groupf is replaced by alkyl. The A.-G. fiir Anilin- 
fabrikation applied this method to the dyestuffs described in 
D. R. PP. 104667, 104748 and 108273, patenting the process 
(Brit. P. 1820/1900 ; D. R. P. 1 17 065/1899 ; F. P. 296 628/ 
1900). 

Example r. Heat 10 kilos of methylaminophenonaphth- 
acridine, 24 kilos of methyl alcohol and 12 kilos of con- 
centrated (crude) hydrochloric add for several hours to 160 
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to 170° under pressure. After cooling, distil off the alcohol, 
dissolve in water andi salt out with sodium chloride. 

Example 2. Heat 10 kilos of metliylaminophenonaphth- 
acridine, 10 kilos of ethyl bromide and 20 litres of alcohol 
for some- hours to about 180® and work up the product as 
described in example i. 

Acridinium Compounds from aminophejionaphthacridine 
Since the fastness to alkali of many acridine dyestuffs 
leaves much to be desired, Ullmann and Naf {Ber., 1900, jj, 
2470) prepared acridinium compounds from 9-methyl-io- 
amino -1:2- phenonaphthacridine. The amino group was 
protected by acetylation, an alkyl ester of a mineral acid 
added at the meso-mirogtn atom and the resulting compound 
hydrolysed. 



In the first experiment {loc. cit,^ 12472) the acetyl deri- 
vative (1.5 gram), methyl iodide (2 cc.) and chloroform (8 cc.) 
were heated for 8 hours at 140 — 150°. More satisfactory 
results were obtained by adding i gram of methyl sulphate 
to 2 grams of the acetyl derivative in 20 cc. of nitrobenzene 
at 160®. A nearly quantitative yield (2.9 grams) of the 
acridinium methylsulphate was obtained, which after washing 
with ether to remove nitrobenzene, was readily converted 
into the other salts by adding a solution of the chloride, 
iodide or nitrate of an alkali metal. 

Hydrolysis of the acetyl compound was effected by 
boiling 3 grams with 50 cc. of water and 15 cc. of con- 
centrated hydrochloric acid for about 15 minutes, the amino- 
acridinium compound was then isolated as nitrate, by salting 
out with saltpeter. 

The same amino*acridinium cotnpoundsj can be obtained 
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by the direct action a£ methyl sulphate (0.5 gram) on methyl- 
aminophenonaphthacridinc (l gram) dissolved in nitrobenzene 
(10 cc.) .It is interesting that the alkyl sulphate should thus 
attach itsedf to the tertiary nitrogen atom of tlie ring ratlier 
than to the pritmry anuno group. 

9-Methyl-i2-etliyl-io-acetatninoi :2-j>hr!icmai»}itliacriiiiii* 
ium bromide was also obtained by heating the aeetvl deri 
vative with ethyl liroinide in clilornfonii .s<»hition for 8 hours 
at 150®; it melts at 265 — 2Gcj 

Ulhnann obtained patents for tin* action of alkyl halides 
on acetaniinophciionaphthacridine eompojHifls (ilrit. P. 17436/ 
1899; D. R. PP. ii8439/i8«/9{ F.P. 2i; 2 J5l/i89<i): protection 
of the use of methyl sulphate was granted in the United 
Kingdom (17427/189(7), the United .State* (643569), and 
France (292152) hut refused in Cierniany. 

In D. R. P. 118439, the products descrilml by Ullmann 
and Niif are mentioned as well as the salt.* obtained by the 
action of ethyl bromide on the acetamiitoplieiionaphthacridine 
(m.p, 255®) made from a-naphtboland anhydroformaklehydf- 
acetyl-/>-phenylenediamine and on 9 im;thyl.!0.acetainiiio7- 
phcnyl-i :2-phen«naphthacridiite. These two co»n})ouiid* have 
the constitutions 


N 

I^JOniicoch, 


C.n, 8r 




"sNUCOCH. 


respectively; they both dye tannined cotton yelbw. By 
hydrolysis, the acetyl group* imy be rctiwvcd and amino- 
acridinium salts 


***** 

obtained, the former dyes tantvned cotton a brick red sltadc, 
the latter colours it yellow. 


C,H,v/X 
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7 -Phenyl- B-ehimyl- 1 : 2-pheMonaphihaeridme. 

Ccifiipciiiiiils c!eri\n'‘(l from phcnonaphthacridinc, contain- 
ing a |.iliriiyl group in position 7 , may be obtained by using 
tifii'xalilehyile in place of forinaldehytle (Ullmann, Racovit/.a 
aiifl Ho/amband, Brr., 1902 , 55 , 316 ). 

C„! I, Oil + C.i !,( >il + CH, ■ C.H.- Nil, + O - 3 HfO + f J C 

d,H|| 

Paranilrohfnzakldtytle furnishes but small amounts of 
an acri<!int* tlerivative, the chief product heing the nitro- 
phcnyldinaphthoxaiuhenc described by Zenoni {Gassietta, 

*893. 2 $, II, 2 i 8 ). 

y-PhatyUtymethyl i t s-phenonaphtlmcridinc is prepared by 
adding 3 parts of 2-naphtho! to 4 parts of benzylidenc-^-tol- 
tiidine at no" and gradually raising to 250", the temperature 
is hejd at this level for i to i‘/j hours after the evolution 
of steam is apparently over. When sufficiently cool, the dark 
melt is dissolve*! in ether, on complete cooling the phenyl- 
methylphcnonaphthacridine separates in pale yellow leaflets, 
in. p. 213 yield 39 per cent of the theory. 

In D. R. P. 117472/1898, Ullmann recommends heating 
m kilos of 3-naphthol to 180" and adtling the product made 
from 10 kilos of ^.toluiiline and 10 kilos of benzaldchyde, 
the reaction being finished by heating for a short time to 
200*. The melt, when cool, Is treated with caustic soda and 
steam blown, and the residue dissolved in warm dilute nitric 
acid. From this solution, the nitrate of the acridine separates 
on cooling. 

Whilst fw-nltrobenaylidcne-^-toluidine reacts with 2- 
naphthol (equal weiglita at *95— 300») furnishing eventually 
a nltroi>hcnylmethy!phenonaphthacridine (m.p. 15 ,R.P. 

117473), the isomeride from ^-nitrobei«!yUd«nc*^ 4 oIuidine 
was only formed in sufficient quantity for quaUtative detection 
(Bcr., 1902,55,3*8). 
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y-P henyl-io-amino-g~methyl-i : 2-phenonaphthacridiney 



is obtained by the action of 2-naphthol on benzylidene-w- 
toluylenediamine (loc. cit., 319; D. R. P. 127586/1899, lapsed 
1902) or on tetraaminoditolylphenylmethane (loc. cit., 321 ; 
D. R. P. 108273/1898). 

Isolation of the benzylidene compound is not necessary. 
5.3 grams of benzaldehyde (i mol.) are heated with 6.1 grams 
of w-toluylenediamine (i miol.) to iio^ 10.8 grams of 2- 
naphthol (1^/2 mols.) are added and the temperature gradually 
raised to 200 — ^205 At this point the contents of the flask 
solidify to a yellow crystalline mass and the temperature 
rises spontaneously to 215 — 220®. Whilst still warm, the 
mass' is treated with alcohol and boiled tip, the process being 
repeated until the contents are only feebly coloured. The 
residue of phenylaminomethyldihydrophenonaphthacridine 
(15.7 grams, 93.5 per cent of the theory) separates from 
aniline in colourless crystals, m. p. 271 ® not sharp. 

The substance is almost insoluble in alcohol and ether 
but dissolves in boiling acetone, benzene, toluene and aniline. 
The acetone solution is yellow but not fluorescent. 

The dihydro-compound is oxidised to the hydrochloride 
of the colour base by boiling with alcohol and ferric chloride. 
In the patent mentioned, D. R. P. 127 586, the condensation 
is somewhat differently described, 10 parts of benzylidene- 
w-toluylenediamine being added to 8 parts? of molten 2- 
naphthol and the temperature gradually raised to 180—190®. 
This patent also mentions the condensation of j^-hydroxy- 
benzaldehyde, j^-chlorobenzaldehyde and ^-hydroxy-a-naphth» 
aldehyde with w-toluylenediamine and treatment of the 
products obtained with 2-naphthol. The aminoacridines 
obtained by these last three condensations dye tannined cot- 
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ton in yellowish orangi'', orang’c and yellow shades respec- 
tively. 

The comiensation of tetraaminoditolylmcthanc (/grams) 
with 2.naj>htht>l (6 grams) by gradually heating the mixture 
to dues not prtjcefd so stuoothly, yielding only 6 grams 
of the lenco base (loc. cit., 321). According to D. R. P. 
10B273, 15 kilo.s of 2-naphthoI are heated to 150“ and 20 kilos 
of tetraamincMlitolyiinethane grathially added, the tempera- 
ture being finally raiseil to 200*.*) 

7-PhenyI.y.niethyl-io.amino-i : 2-phenonaphthacridinc 
crystallises from aniline in lemon yellow needles, m. p. 276®. 
It dissolves sparingly in alcohol with yellow colour and 
green fiuorescence, a few drops of hydrochloric acid turn the 
colour to orange red and intensify the fluorescence. On 
Kiiilable dilution of this acid-alcoholic .solution with water, 
the red hydrochloride separates. The solutions in benzene 
and tohicne* have a feeble yellow colour and greenish blue 
fluorescence ; the solution in concentrated sulphuric acid is 
yellow and fluoresces green. 

The acetyl derivalnm (to grams hydrochloride, 4 grams 
anhydrous sodiuin acetate and sufficient acetic anhydride to 
form a .stiff paste, reaction spontaneous) forms pale yellow 
ncctlles, m, p. :^5 

If this compound (14 grams) be dissolved in nitrobenzene 
C too cc.), heated to boiling, tlien cooled to 150* and treated with 
methyl sulphate (/cc,), a nearly quantitative yield (19 grams) 
of plienylacetaminodimethylphenonaphthacridinium methyl- 
sulphate is obtained. The corresporsding chloride is readily 
obtained from solutions of this salt and of sodium chloride; 
the iicrido! (m. p. aio*, not sharp) is also known, 

Fhenylaminodimethylphenomphthacridimum chloride is 
obtained from the foregoing salts by hydrolysis with hydro- 
chloric acitl, the corresponding methylsulphate is formed by 

l) DiaminophcnylmelhylplieBonaplithacfidIne dyes may tw pro- 
duced by adding X) parts of one of the pentaamiaodltolylphenyl- 
mwhanes of D. R. P. 45 to *5 parts of a-naphthed at 150* and 
then raisitig the tcmpcratur* to aoo*. 
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the direct action of methyl sulphate on a nitrobenzene solu- 
tion of the non-acetylatcd aniinoacridine (loc. cit., 3^4). 

Alkylated derivatives of phenylmethylaniinoplicno- 
naphthacridine have been described by Uilmann (D. R. P. 
128754/1901, lapsed in 1902) and also jointly with M. Rozen- 
band, B. Miihlhauscr and E. Grether (/?t'r„ t ^5, 32f5). 
The general methcKi of preparation was to cundensc an 
alkylated w-diaminc possessing one primary amino grrmp with 
benzaldehyde and cause the resulting {iroduet t<i react with 
2-naphthol. In the ftjllowing table, the properties are as 
stated in the patent with the exception of the melting points, 
the latter are taken from the paper referred U», The ap 
pcaranccs of the dyes as descriiied in the patent probably refer 
to the hydrochlorides, lot in the paper, phenylniethyletliyb 
aminophenonaphthacridine is described as being yellow whilst 
its hydrochloride is red. * 


The alcoholic solutions of at! these tlyestuff^ exhibit 
green fluorescence. 





iji r p « t n f i 


1 

AUcykt®d m-dhmlm 



tillut# 

mkt 

Iff 

CMhm m 

r 

2 -MethyItoI«ylene- 

Orange 


Orange 

Yclk^w 

C 1 range 


diamine 

red 

needltti 


yclkiw 




2 -EthylphenyIene- 

Yellf>w 

220—' 


i.lrangr 



diamine 

Brawn 

cfyhtak 






3-EtliyItoIuyknc- 

Red 

asH* 


Yrllfiw 

Ciraiiif 

1 

diamine 

cryitili 



f 

2 -DimethyIplieiiyl- 

Brick reel 

316* 

Itii 

f Iripgt 

Red 

1: 

1 

enediamine 

ntcdlcB 



rtil 


1 

2 -Dimethylt 0 liiyl- 

iardetan. 

310* 

Oriitgt 1 

i Red 

Orifige 


enediamine 

red 

cryiiali 

1 

red 1 

\ 1 

1 

! 

1 

red 

•| 

? 

a-Diethylphenyl- 

Bordcaya 

iCO ”1 

! Orange | 

' Red 

C kmm 

i 

enediamine 

rtd 

301* ; 

' red 

1 

1 red ^ 

1 


crystali 

i 

» j 

i ■< 

i 

1 

a-BemyltoIttylene* 

Ofinge 1 

309*: 

1 

: Yellow j 

Yellow 

ilringf 

i 

diamine 1 

necdl^i ; 

i 1 

t I 


red 

1 

I 
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lixaiiiple* A mixture of 15 parts of 2-ethyl-‘m»toluyl- 
eiiediaiiiine, n |Kirts of lieiizaldehyde and 20 parts of 2»naph» 
ihol is heated slowly to iBo— 200*^; steam is evolved and the 
mass I'leconies orang’e reel and licfuefies. On cooling, the melt 
solidifies to a vitreous mass and crystallises after removal 
of the excess of naphthol. It is oxidised to <lye by ferric 
chloride. 

Oarbaxines, 

Brief mention may be made of a group of compounds 
winch contain the same ring system as acridine but possess 
wry dissimilar properties; these are the carbadnes disco- 
vered by F. Kehnnann, IL Goldstein and P. Tschudi (Hefo. 

Chim. Afia, 191% ^,379^. 

Tlie authors named (ibid., 315), find that s-diphenyl- 
dihydroacridine can give rise to six different products on 
nitrationi these are represented by the formulae 

HHNO, 

NQ,CC0 

(II) m. p. * 87 — asi* 


NH 

N0.OCO 

(I) m. p. 300- joi* 
NHNO, 

.o.0C0no. 

(IV) m.p. as7— ajS* 


Nil 

.OXno, 

c(C«n,) 


NO.NHNO, 


no; 



(Ill)m. p. 3 aa 5 

NO, NHNO, 


. NO, 
(V) m, p. iBo* 


NO, 



NO, 


NO,-C.H,'^C,H,N(^, 

(Vl)m.p. 3 « 7 - 3 ««*. 


By reducing the nitro compounds, amines are obtained 
winch beliave as the Icuco compounds of colouring matters. 
Taking, for example, the nitro compound (I), reduction 
gives 3-amino-5-<Hphenylacridine (VII) which, when oxidised, 
furnishes the aminodiphenykeridine salt (VIII) 

NH ^ N N 

(vilT)' ■ ■ (vnijf (II 

The constitution of such a salt more reseini^les that of 
an oxaaine (or thiazine or axine) than that of the acridine 
dyes we have considered hitherto. 


HH, 


Pi ft 


NH.Xs 


NH; 



U 
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The mono-acid salts of type VIII are hiiiisfi green, aiti. 
moninm carlmnate solution separates tile kise (IX) whicli is 
yellowish-red in ethereal solution and shows a proiiiniiired 
yellow fluorescence. 

The j>oly=-nitro coinpotuids iiientiiini*il were* also reiltiml 
to polyamines and the latter imidisrd to dyestiifk willi wliidi 
dye trials were made. 

3 : yAyiaminadipheuykifridint chiaride, 

* 

r' v j-'^ 

is interesting on account of the forma! relationship to many 
of the azine, thiazine (methylene blue, truth's violet) an*! 
oxazine dyes ; aqueous soKittoii« are greenish blue in colour. 

liexa-amimdiphenytttcridim chloride, 

NII,N KH, 

NII,CI:C(/U.X!1, 

forms almost black prisms with a slight metallic lustre, the 
base was not isolated on account of it-s highly basic proper- 
ties; even an ethereal solutitu) absorfjs carlmn tlioxide from 
the air. 

The property of picry! derivatives of readily losing the 
elements of nitrous acid (Ttirfun, Tram. Chem. Sot., i%i,5p, 
714), has been utilised by F. Kebrntann, M. Ramai and Ch. 
Schmajewski for the further synthesis of aurbaaine cont- 
pounds (Heiv. chim. acta., igif, 4, 538). 

Thus picry! chloride condenies with o-aminotrlph«nyl- 
methane and the potasidum dervalive of the condeniation 
product, when heated with quinoline to the botlitif pmint, 
8]^t8 off potassium nitrite. 


WK I'YttOSK lUNU 


207 


K* », 

''M I- 






i»jK 14 - K- NH— 

, ,, ' CII-V 


(I 

.H. i'JJ 


a ». 


a 


KJi f''', 

Jk*», k«" * } 
t.H «.ii. 


< „h/ 

NO.NH 

Nn.0'X) 

t «< ,HX 


2:4 5 iiif'bi'nyldihyttrmHritiinf foriiw orangt* 

yrUiiiw, rryntal?., m, }», 2,^2“ Whttn this ciunjitimul 

is r«*t!>iiri;J by rJiioritlt', tlif tin clmibU* salt t>£ the 

(liaiiiina enifipmirxi is* (ihtaineil ; oxidation of 
the* lallrr with frrrir thinriilp furnishes salts of 1 : 15-iliamino. 
5 dijitienylartidifu- (4 aiiiifi<».dij*lie»ykarhazimoniHi«-2, Kehr- 
inann). 

JJU.N 


UN: 


"V 




K«»l»iiif»fH in cniieentratcd sul{)hiirie acid are dark blue in 
colour; the shaile alters lu reddish violet on dilution with 
water. 


' i 

' 
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O'J" COO 

CO CO CO 

I II III 

Although the artificial dyestuffs containing the pyrone 

ring are nearly all related to xanthene 

O 



many derivatives of the simpler complexes are coloured' and 
some knowledge of their properties and relationships is 
essential. 

Pyrone is the analogue of 4-pyridone which, as we^ have 
previously seen, is tautomeric with 4-hydropyridine. Since 
pyrone cannot exhibit tautomerism, it is better to compare 
it with methyl-4-pyrid‘one. The pyridones show distinctly 
basic properties, and in 1899 J, N. Collie and T. Tickle (Trans, 
Chem, Soc,, 1899, 75,710) found that dimethylpyrone^ the 
analogue of lutidone, was capable! of forming a series of salts 
with acids. '^Addition compounds^' of acids with organic 
compounds containing oxygen had been previously described ; 
e. g. (0113)20, HCl (Friedel, jBw//. soc. chim,, 1875, xx, 166, 
241) and the comparatively stable solid compounds of the 
phthaleins (Baeyer, Annalen, 1876,155,27; Fischer, ibid.,(S) 
and many natural yellow colouring matters (A. G. Perkin, 
Trans, Chem, Soc,, 1896,^9, 1439) with acids (See also, Fried- 
lander and Rudt, Ber., 1896,29,878). 

To Collie and Tickle must, however, be awarded the 
credit of having first recognized that' the oxygern in the 
pyrones had a similar salt forming capacity to the NH group 
of the pyridones. Thus we may compare the production of 
salts from pyrones and pyridones in an analogous manner ; 
it will be noted that whilst the acid radicle X is attached in 
both cases to nitrogen or oxygen as the case may be, the 
arrangenxent of the other linkages in the molecule is not 
necessarily fixed by the structure of the original base. 
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NH 

CH3-C{AC-CH„ 

HCVCH 

CO 

«-Lutidone 


+ HX = 


O 

CH..C/Y-CH. 4.HX = 
HCVCH ^ 

Dim etliylpy rone 


CH3.C, 


NH,X 
^C-CH, 
HCVCH 
CO 


H X 

V 

CH,.C^C-CH. 

HC't^H 


or 


or 


NHX 

CH, -C/NC-CHg 
1 -ICVCH 
C-OH 


X 

o 

CH,-C^C*CHa 

hcKJck 

C-OH 


In, Collie and Tickler's original paper, the first of the 
two formulae given was assigned to the salts of dimethyl- 
pyrone. The second formnla corresponds to a structure 
suggested by J. T. Hewitt (Zeitschr^ physikal, Chem., 1900, 
S4,i2) in the case of the salt produced when xanthone is 
dissolved in concentrated sulphuric acid, the molecules 
showing a double symmetrical tautomeris-m. 


SO^H 



OH 





SO,H 

O 



OH 


Meanwhile, Kehrmann had suggested oxonium salt 
structure for certain oxazines (Ber., 1899, 2601) and 

isolated salts of dimethylphenoxazonmiit {Ber., igoi, 34, 1624) 
to which he assigned the formula 





Br or picrate ion) 


The constitutional resemblance between xanthydrol 
(Formtila I, the redaction product of xanthone, M^er and 
Saul, 1893,-^5,1276) and the pseitdo^bases derived 
from qaatemary acrixKmam salts 


SpitMIc 
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pointed to the possibility of the existence of comparatively 
stable xanthoxonium salts (III) containing quadrivalent 
oxygen, the analogues of the quaternary ammonium salts 
(IV) obtained by the addition of alkyl halides tol acridine and 
its derivatives. ! 

CHa A 



III IV 


A. Werner (Ber., 1901, 34, 3300) described salts of type III 
in which A = Bra, FeCl^, as well as the, ferrichlorides of 
pheno-a-naphthoxanthoxoniunx and phenyldi-^-xanthoxonium 
(VI) 


FeCh 

FeCL 6 



V VI 


Werner drew attention to the product obtained by the 
action of bromine on dinaphthoxanthene (Fosse^ Compt 
rend,, 1901, 133, 100) then regarded as having a constitution 


C H 

represented by CHBr<^ but which! he considered to 

CjQ H/ 

be an oxonium salt. 

Hewitt had also been engaged in the preparation of 
oxonium salts from xanthydrdl and! fluoran with the object 
of collecting material to support his views on the relation 
between the constitution and fluorescence of organic com- 
pounds, and obtained; xanthonium picrate (J. T. Hewitt and 
A. J. Turner, Ber,, 1901,54, 3821) as well as a series of salts 
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of fliKiraii, climethyllliioran f/^^croHolplithalcin) and fluorescein 
with mineral acids (Hewitt and J. N. Tervet, Trans, Client, 
Sm,, Hie conipnund of lactonoid, dimethyl-* 

fliioresceiii with hydrochloric acid (HietrJ<i and Schn'Her, 
/Iff., i%5. was recog’nised as an oxoriiiim salt (VII) 
and not as having the coiislitiuiori previously assigned to it 
CVIII). 


Cl 

C.lhdf ^‘Qnc,ll, 

VoOti 

vn 




o 


C,n< 


COOH 

vni 


Thf hasic itroptrties of quadrivalent oxygen were soon 
acknowledged and nutch work on the subject was published. 
Some of the more imjujrtaut papers are given in the follow- 
ing list which, however, is by no means complete. 

Baeyer and Viitiger; Her., j,;, tiBy, 2f>79, 3612; 
lOO-*. 35 » : * 903 . 3 (>> ^ 774 -. t9‘>4. 37 . 597. 284«. 3‘9»- 

A. Cohen j Ber., Kjfja, J5, 2672. 

R, Fosse; Compl. rend., 1901, 133, 880, laiH; 177, 
f/>3; 1902, /J5, 39, 530: 1903, ij< 5 , 379, 1006, 137, 

858; 1904, /J#, 282, 575, 1051 ; Ann. chim. phys., U)(^, vttt, 
2, 233, s%; Compt, rend., 1904, /jp, 600; 1906, 14^, 1545; 
N 3 . 59. 239; Bult. siK. ehim., 1906, jii, 3$, 1005, 

A. Hantzsch ; Ber„ 1905, jS, 2143. 

F. Kehrinann: /ier., 1899,3.% 2<>to; 1901,34, i<>23; 1905, 
3 #, aS 74 . 

I-'. Strauss; Ber.. 1904, 37, 3277: 1906, 39, 3977. 

1 ), Vt>r!aniU*r : Ber., 1903, 36, 1470, 3528; 1904, 37, 1C44, 
33f*4; Annalen, 1901, 3/0, 117. 

F, Walilrn; Ber., 1901, 34, 4185; ujm, 3$, 

J. Walker ; Ber., ujot, 34, 4115- 
A. Werner; Annalen, 1902, 322, liqB. 

R. Wilbtaiter; Her., 1900, 33, 1634*) 


1 1 Brfofr the recofuition <»f oxoniBm salts, a higher vaWmy 

than two tiiwl lie«» stiggestetl hy several chemists in order to explain 

14 * 
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Whilst the recognition of oxanitirii slriicliire lias Iirrii 
a very important step in expiaining the existence cif salt 
forming organic compounds from whicli iiilrogen, sulphur 
etc. are absent, the extension to the formiilatieiii of salts 
containing amino groups as well as a cyclic fixygen atom 
must be taken with caution. Tlnis the pyronines have been 
written with the formulae 




/'iNIJ, 


(I< * alkyl, A acid radirir) 


,nul whilst certain chemists i»s«* tin- latter const ittiti«>n which 
cKprcsscs these cainpouiuls as ilitimino-tlcrivativcs of the 
parent xanthoxoniuni salt, llic stabk* character of the pyron- 
ine salts anti the knowledge tme possesses with regard to 
the pronotmcetl basic properties associatetl with tpiinonoid 
tiuatemary nitrogen atoms (e. g. in tht* dyestufTs of the 
pararosaniline and methyl violet series) leatl one to the 
paratiuinonoid aininonium formula as more pr»»hald»* 
(Hantzsch, Bn., 1905, jiV, 3145), 

l^yrettafR Cenpuas# 

As previously nientioneil, the basic |>rt»|>erlie» of oxygen 
in cyclic combination were first defiiiilely identified in the 
case of dimethylpyronc ; I 

the behavimir of oxygen in many of its contpounds. Relerenee may 
he made to the following uiibiieations. 


U.S. Kurnakoff; J. ttusi. phu*. ehem. ffoe., t%i, ?5, yafi. 




THH pmoNE nma 


^13 


C:i-L*c1 C'CIL 


lie Cil 


Q 


till* cif tiiifi cotiipaiirid will conHcquetitly he ireiited in 

s.omc tk'tail. 

Alihmigb OpjK’nlicim and I'rccht (fkr., 1876,^,324) 
stated that dfhyciracftic add resisted the action of iniiiera! 
acids, f-cist (AtmaleH, 253) found that it was 

converted into <li met hylpy rone hy the action of concentrated 
hydrocliloric acid or sulphuric acid. 

Collie (Trms, Chem. Soc., 1891,5^, 617) oltserved that 
when dehydracetic aciil was boiled with fuming hy*Ir«chloric 
acid, a compound, was protluced according to 

the equation 

cjf.o. + if,() 4- JfC!c:,H„f),a + co,. 

This reaction was further examine<l by Feistf (Ber., 1892, 
23, 1067) who found that whilst the melting pt>int. 
given by Collie was Ciirrect for tl«e fresh crystals, they lost 
their luidrc in a vacuum deskcaUir, and the resulting hygros- 
copic substance, which meltaat 154*, gave on amilysis figures 
agreeing with the formula C, 11 , 0 , 0 . The fresh crystals 
were also found to have the composition (’, 11 , 0 , 0 , 311 / ). 

I’eist regarded the substance as having the open chain 
eewstitution (1); the ring structure (II) was looked on as 
!e!(,s probable. 


CH, CC1;CII CO Cl!, CO CH, 


I 


\cih 


CH.Cll 

ItlCI Cll 
^\:o^ 

II 


I 


Ccdlie and Tickle (Trans. CAm, »» or., 1899, 73, 710) re- 
examined th® product and disagreed with Feist’s open chain 
lormula ; a derivative of dlacetylacetonc should, like the 
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parent substance, give a colouration with ferric cliloride, and 
this reaction was absent. Collie’s earlier statement iUtr. < il., 
620) that (limcthylpyronc does not combine witli hydrogen 
chloride was corrected, it now being foiiml that bt>th tliacelyl- 
acetone and dinicthylpyrone when evaporated with hydro- 
chloric acid give the comptmnd C^li^Oj, lit 1,2 HjO. 


cn.-co cf)-cn, 


CH, CM, 
\CO/ 


t Hfj-c-rn, 


HC 


i! 

CM 


■ CO- 


bH,C> I MCI 


<:m,-c c-cm, 

B B .MCI, ail, O 

HC CH 


The general bchavionr td the sulrstance was that of a 
salt formed hy combination of a weak base with a strong 
acid; experiments were mttle with tither acids and the 
foIUm'ing salts prepared (B ™ Dimetbylpyronc). 


Hydrobromidc 

Hydritxlhk 

Platinchloride 

Nitrate 

Oxalate 

Acid tartrate 

Chloroacetate 

Picralc 


Il.HHr 

H,iU 

H,, H,Pt(\ 


It was further fonml that the comhictivity of hydrinrhloric 
acid at moderate dilutions was strongly affected by the ad»lt- 
tion of dimethylpyrone : thus the equivalent rondurlivities 
for hydrochloric acid at dilutions of 3 and 4 litres were found 
to be 353 amt 366 reapectivcly whilsh for corresponding solu- 
tions of the pyrone hydroGhloride they were only 317 and A), 
At a dilution of 1034 litres, the figure* for the hydrwltlork. 
add and dimethylpyrone hydrochkiride were 403 and 3715 
respectively; that a kation is formed from ditttethylpyrone 
and hyddon is thus rendeted evident. 
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Some caution should be exercised in applying measure- 
ments of conductivity of the salts of weak bases, for many 
organic substances, e. g. cane sugar, added to solutions of 
mineral acids are able to depress their conductivity. (See 
Hantzsch, Ber.y 1905, 38, 2145.) 

Baeyer and Villiger {Ber., 1901, 34, 3614) made cryosco- 
pic measurements on aqueous solutions of dimethylpyrone 
hydrochloride and concluded that in 0.08 N solution the 
hydrolysis was complete. J. Walker (Ber., 1901, 34, 4115, ex- 
periments by J. K. Wood) measured the catalysis of methyl 
acetate by hydrochloric acid (N/io) to which an equivalent 
amount of urea, dimethylpyrone or tetramethylpyrone (pre- 
pared from dimethyldiacetylacetone by Collie and Tickle, 
Trans. Chem. Soc., igoOy had been added. Dimethyl- 

pyrone was slightly stronger, tetramethylpyrone slightly 
weaker than urea in basic properties. 

P. Walden (Ber,, 1901,54,4185) examined the basic pro- 
perties of dimethylpyrone, making various physico-chemical 
measurements. A weak base, such as aniline, markedly 
accelerates the mutarotation of glucose. (Osaka, Zeitsch. 
physikal. Chem., 1900, 35, 691) ; dimethylpyrone is practically 
without effect. Despite this, it was found that dimethylpyrone 
and picric acid combine to some extent in aqueous solution ; 
this was shown by partition coefficient determinations using 
benzene, as well as by conductivity measurements ; it was also 
confirmed, by freezing point determinations, that diemethyl- 
pyrone undoubtedly combines with hydrogen ions when added 
to dilute hydrochloric acid. 

From the various measurements, a dissociation constant 
for dimethylpyrone as base was calculated and found to be 
about 3 X 10 it is therefore a stronger base than water 
(1.2 X 10 weaker however than betaine (7.6X10 ""*3) 

For purposes of comparison it may be mentioned that aniline 
and ammonia give values of 5.3 X xo and 2.3 X 10 
respectively. 

. Walden considers tetravalent oxygen to possess an 
amphoteric character; this is based on conductivity mea;sure- 
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ments made in hydrazine hydrate solution {Ber.y 

mo)- 

Further salts of dimethylpyrone have been prepared 
Plotnikow (7. Russ. fhys. chem. Soc., 1904, 36, 1088; 1905 » 
318,875; 1907, 5p, 1794 ; 1908,40,64,1238); Weinlan4 * 
Reischle (Ber., 1908, 41, 3671) ; McIntosh (7. Amer. * 
Soc., igio, 32, 342) and Gomberg and Cone {Annalen,l<J 
77<^. 183). 

The generally accepted formula for dimethylpyrone, ' 
that used above, is due to Lieben and' Haitinger (Monat * 
1883, ^,273,339; 1884,5,339; 1885,(^,279: see also J. 
Briihl, Ber,, 1891, 24, 2450). Collie was inclined to assign 
different constitution to the pyrones, partly on acc^^ 
of abnormalities in their molecular refractions, partly 
cause their chemical behaviour is that of saturated compoi* i 
in so far as they are not attacked by nitric or sulphti 
acids, nor hydrogenated by ordinary reducing agents. Furtfcl 
pyrone gives a yellow barium salt whilst the sodium sail 
colourless ; both, however, if dissolved in dilute hydrochlci 
acid;, develop a blood red coloration with ferric chlori 
The new formulae proposed were 






Pyrone. 


0:Ba 



6 

Yellow Barium 
Salt. 


pNa 

HC/^\CH 

ONa 

Colourless 
Sodium Salt 


OH 

HC\q /cii 
OH 

Product of 
action of acitl 
on sodium 


Dimethylpyrone and its derivatives wer^ represented by c* 
responding formulae. 


Further attention was drawn to the abnormal refract i 
powers of the pyrones and nearly related substances by M 
Homfray {Trans, Chem, Soc,, 1905, 87, 1443) • The molecti 
refraction of dimethylpyrone for the D line was found 4 
periraentally to be 35.34, whilst the value calculated from 1 
atomic refractions of Idle elements and correcting for do^l 
linkages is only 33.3. To overcome the difficulty tim 1 
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sumption is made that diniethylpyrone already contains 
ijiiadrivak-nt axygvu and the structure of the substance and 
its hydrociiloritie are represented l»y the formulae proposed 
by Cidlie viz. • 


! C-cii, 
l * ) si 
nc I cii 

\Q/ 


CIl,-C 1 CCH, 

and IflOCII 

nc I Cil 


the value 2.65 being; taken as the atomic refraction of (piatlri. 
valent oxygen. 

Alterations were matle in the structure of numerous 
C(nn|K}unds so tliat they shonkl be represented with at least 
one tmygen atom in a quaclrivalcnt condition, e. g. 


II 

f n 

y' \ I j V 

c;il, t C-Cli, i t, HO C CM 0;C I CH:C<,,' 

I i I BO I O B 

HC CM I OH HC CM I IIC | CM 

i>(scttyl«c«tone Pyromeconic acid Dchydracctic acid 

Attention may be drawn to the structure given for de- 
hydracetic tci«l (taken from the original paper, p, 1460) in 
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for four weeks with occasional mixing. At the end of tliis 
time a few crystals could still he seen in the viscous. Iliieires- 
cing liquid; a few grams of methyl sulphate werr atided and 
after a further eight days tlic crystals had disappeared. The 
reHulting methylosiilphate could not In* obtained in a crystal- 
line condition, Init by solution in a sfnall quantity of %%atiT 
and addition of twice the volume of satiiratei! potasHiiiin 
iodide solution, the crystalline nudliioclide %vas ohtatnrd 
which, after washing successively with very little ice cold 
water, alcohol, alcohobether mixtnrr and finally ether was 
shown to liave tlie formula 

'riu; iodide forms yellowish wldte, shining leafletfi, easily 
sohdde in water ; the solution does not taste acid but salt and 
hitter like potassium iodide; it gives a slight acid reaction 
with litmus. The dry salt melts, evolving methyl iodide ami 
leaving a residue of dimcthylpyrone. nu* platinichloride, 
(C\H,, 0 ,)gPtQ«, is slightly soluble in cold water and alcohol ; 
heated qtiickly, it melts at 158" with decomposition. 

Kehnnann arrived at no condiision as to the constitution 
of the .salts, but acconling to the view taken as ti» the erinsfi- 
tution of dimetliylpyrone the following forinnliic nitisl be 
considered. 



A 

O 

CH. Cd |C CH, 

c 


ai, 

lie 


II 

«- 


c 

tCH, 

III 
O 

-tJf, 

Hd^H 

CHO.-^A 

IV V VI 

Of these structures Kehrtnann considered formiila (1) 
to dhe most probable. Von Baeyer took up the matter 


HC% 


:n 


'• < 
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ftiiir ytarn later 1910. ./j, 2337) anti showed that for- 

riiiila III f«»r 11 ) iiiiSHt i>e adopted. In isolating the ternary 
salt, tlir jiercfilnrale was nsct!, the o|>eratio!i being carried out 
in the following inaniUT. anCiranis of dimethyl|)yrone and 
25 grains of tnrlliyl sulphate were heated to 50^*'; at the end 
of i or 3 Iioiirs Ihr crystals were dissolvcni and an orange 
Coloured syrup iinidiicrd. This was cooled witli ice ami treated 
with /15 grams of 20 per cent perchl«>ric aci^l, allowed to 
siiiiifi at 0** for 2 licnirs and then filtered. The crystals, were 
icastiei! witli 11 lilllr ice cold water and several times with 
aretone. Yirltl 2,4 grams. For piirificatioig the salt was cry« 
sialliMn! from iiieiliyt akohoi, the operation lieing repeated 
if the cryxltils were mit C0!oiirles.s, yield 18 tii 20 grains* 
llir suit is sparingly solulde in cold water^ the arpieous 
sriliiiioii lasirs .salt and flitter; it is neutral when freshly pre- 
pared anti goes acid on standing: this happens more rapidly 
tin liiiiliiig, tliiiirihylpyrcme being produced, 

T!ii* coiislitntion is proved by the following reactions. 
Ca) The prrclilorale almost immedtalely yields 4»methoKy- 
lisliilific (Coiirait, lien, 1887* 20, 164; 1889, 22, 81) when 
Irealet! witli 15 per cent ammonium carbonate solution, 


O^CIO* N 

CCK'H, COCH, 

(l») All aqiicuHS saUition of tlii; perchlorate if allowed to 
f»taiul with tnagitesiiiin carbonate or sodium acetate (to 
nriifralise perchloric acid) yields an oily snhstance, easily 
soluble in water. This was not analysed, but it was shown 
not to eontain diacctylacetone by the absence of a colour 
reaction with ferric chloride and by jpving no characteristic 
copjKT conijioHnd, though after boiling with dilute sulphuric 
acid, the copper compound of diacetylaectone coyld be ob- 
taineii The substance is, however, converted into d-methoxy- 
hithiine by the action of ammonium carbonate. 

These reaction* arc com{«*tibie with the substance licing 
the wiclhyl ether of an cnollsed diacctylacetone or as having 
the ring structure of a pseudo-bate. 
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CIl, -CO 


CO COCH, 

L. I 

CH, Cil 
\ ^ 


CH .C/'c/’" 
or '•f f 'rif 

llt*^ CfC ”• 

C-OCH. 


As the result of these exijerinieiits, von Hjicyer is jfj, 
dined to put forward a structure for dijnelliyI}»vroue {sytlro. 
chloride corresponding to that of ilie ‘'diniethvl inrthojtyl 
pyroxonium” salts, viz. — 

Ct 

f‘> 

CH. c,^ iC-CH, 

OH 

a pt)ssil>ility which ha«l been mentioned by } fewitt (/.mtxehr, 
phystkal. Clwm., 1900, 3734) rc»|»cctinig the soltition of 

diphenylpyrone (Feist, Ber., iBjo, Aj* 37 J 4 ) in concentrated 
sulphuric acid. 

PYRYUffM ,SALm 

Itohj what is known of the India vionr of xantliytlroi 
(sec p. 210) and similar com[»oiinds towa 
existence of pyryliuin salts may he predicted 
binol bases being related to one another ii 
manner, (A ™ acid radicle, R aa arvi or alk 
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radn U'. art- thr si-li- '.nhsiiuH-nt!. is a inatu*r of considerable 

iiiUTfsl, 

W. DiUlu'V (/, pr. Vhi'm,, tu 9 t, sS) bas found that 
i* : 4 : d trijthrnylj»yryi ferrichloride, in.}». 277", is an easily 
accesiblc nimjirmnd, hdiiff jirodiicrd when two molecules of 
juelojtheiioiu* and one of henzaUlehyile or oiu! molecule of 
j4ie!iyl»*l) ry! kelone and one of acetophenone are boiled with 
ariiic anhydride and ferric chloride. In either case, lienzyl- 
idene jliaertojdirnoin* is formed as an, intermediate product; 
the reactions may he represented by the following' equations. 

c:,f!,CM(> + 2CH,-CO.C,M. 
f + c*! Ut:n f cn, • co • c,n*), 

or r*.l l*t i l : rf I . ( r > . C.f I, + CH, • CO • C,H, 
{',H.Cl{(CH,.CO.(:jI,), 


‘f 3 I'eCl, 


a 

- a F«CI, + H,0 + HCl + 

cc.ir. 

The const itntbn of the compound {» quite definitti since 


222 


ftYNTim'io coLOvniNa Mirrms 


The pyrylium compound yields 2;6.(Hii!ien>) 4 nu-thyl 
pyridine when treated with ammonia. 

By the action of alkalies (not amine liases) on tripliviiyl. 
pyrylium salts the pseudo-base, m. p. tn;” (eorr,), 

is obtained; it crystalli.sc.s in bundles of cidonrless needles 
and, of alternative formulae, Diltliey fir.st jifoposed a cyclic 
structure but sub.se<|uently refiresented the substance with 
an open chain constitution (/fer,, toi't. 5*> 2040), 

The pseudo-base exhibits a faint tisioresceiice in jilaciai 
acetic acid .solution and an intense bluish ijri-en f!ui»rrscenee 
in concentrated sulfihurk acid.’ 'I he /»/<iloii»hleri«/i' (m, p, 
225^ — 226") and pii rali' (ni. p. 224— -227 "> were a!s«> prepared. 

When the pyranol is treated with two niolertilar propor- 
tion.s of .seinicarbazide in presence of pyrhline, «y*-triphci»yl* 
Ji*'- pcruene.-rtjs-dionediseinicarhazojte (til, p, 225"). 

Nil,- CO - Nil • N : C {C,i I.) • Cl 1 , • C (CJ i J 
:CH.C(C,H,):N-NiI-(yi, 

i.s formed and the pseudodiase is repre-sented by the formtila 
C (Oil) (C«II,) : CM • C (C,l IJ : Cl I . C( f • C, 1 1 , 
Triphcnylpyranol gives yellowish red soluttuns in alkalies 
which arc unstable; the moiecuie imdergoes hssion, l«*t»/.oii; 
acid and* tJIher protkicfs being formed {/, fir. C'hr»i., 1917, n, 
107). When treatial with methyl iodide and soiliuin nielhoaide 
in methyl alcoholic soUitiun, the hydroxyl grotipistnethylafril, 
the resulting compound of in. p. 142— 14^;* et»rr. being at 
first taken for 2-metIioxy-2:4:f»-!riphenylpyran. 

Dilthey (Her., 1917, 50, ioo«) has also obtained pyryl 
comjjounds uiisubstitiited in position 4, thus asfwljphrnyl 
pyryl fcrrichloride, ni.p. 185—186", results m Jwdting a 
mixture of phenylcinitamylidenenietbyl ketone, acetic aci»l 
and anhydride and ferric chloride. 

C,H» CH CO.QH, 

Ih in 

\/ 

CH 

“ . . I) It 1 *. ^rhapi, of iaterett'that a;6.di8«iiy|.4-fn«thf!py»f! 

fcffkWririrftii m cimrctiitulril ^iil^nric 

ieli irittt ftllciw m4 jrfllwiili gftfft iwtmtiict* 


+ 3 PeCI, - a FiCI, + HCI + 


y.petb 
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Some very interesting observations were made (Ber., 1919, 
52, 1195) on examining 2 :4-diphenyl-6, Mydroxyphenylpyryl 
salts. The corresponding methoxy ferrichloride was obtained 
by the condensation of phenylstyryl ketone with />-methoxy- 
acetophenone; on treatment with sodium carbonate, a-hydroxy- 
ye- diphenyl- a-^-anisyl-2^“>'-pentadien-c- one, m. p. 105 — 
io6«. 


CH ,0 • CeH, . C (OH) : CH . C (QH^) : CH • CO • C«H, 
was produced. Hydrochloric acid demethylates this com- 
pound at 160 ® giving 2 : 4-diphenyl-6, ^-hydroxyphenyl- 
pyrylium chloride, from which, by the action of pyridine, 
alcohol and much water, a-hydroxy-ye-diphenyl-a-/'-hydroxy- 
phenyl-2/“)'-pentadien-e-one is produced (slender yellow 
needles, m. p. 164 ®. From this compound, acids regenerate 
the pyrylium salts, but, on heating, it gives the quinonoid 
anhydro-base which forms violet blue aggregates. 


A 

6 

HO.QH,-C^.CeH, 

IICVCH 

QH. 


HO-CoH^-C-OH CO-CeH. 
II I 

CH CH 


C 

C„H. 


O 

0:C„H,:CAc.C„H. 

hcvch 

c 

QH, 

Similary, />-hydroxyphenylstyryl ketone and ^-hydroxy- 
acetopenone may be made to furnish 4-phenyl-2 ; 6-di-;^- 
hydroxyphenylpyryl salts from which the corresponding open 
chain ketones and anhydro-bases may be obtained'. 

Other pyrylium compounds are described by Dilthey in 
later papers (fier., 1919,52,2040; 1920, 55, 252, 621) and he 
has been inclined to abandon oxonium structure without 
adopting a carboniura formulation for pyrylium salts. No 
individual atom of the complex is regarded as carrying the 
electron, but the complex is taken as a whole, the negative 
group being freely mobile in the second “zone” (Ber., 1920, 
55,261). 
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RO 


CH CR 


O 


H CR 


When a pseudo-base is formed, the hydroxyl group 
attaches itself to either the a- or /-carbon atom, and the 
valencies, which are represented more or less free, then 
rearrange themselves to ordinary double bonds. (Stee Kauff- 
mann's views on kationic partial valencies, Ber,, 1919^52, 
1422; his views and those of Dilthey have something in 
common.) 


BENZOPYLIVM COMPOUNDS. 

Compounds containing the grouping 

-A i i< 

I /\ 

are widely distributed in nature, many of the natural vegetable 
dyestuffs being derived from them. For the most part, a 
hydrogen atom of the heterocyclic ring is replaced by an 
aromatic nucleus though this is not the case with daphnetin 
or dihydroxycoumarin * 

OH o 

CH 

which is contained as a glucoside, daphnin, in the bark of 
Daphnis alpina and D, Mezereum. 

Flavone occurs in the “meal” or “farina” found on the 
flower stalks, leaves and capsules of Several varieties of 
primula (H. Muller, Trans. Chew. Soc., 1915, 107, 872) ; its 
constitution is g^ven by formula (I) 
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O O 



1 II 


Luteolin (II) is the colouring* matter of weld. Reseda 
luteola; it forms compounds with mineral acids, e. g. 
QsHioOe, H2SO4 ; QjHioOe,!!!, &c. (A. G. Perkin, Trans. 
Chem. Soc., 1896, dp, 216, 799 ; 1900, 77, 1315) ; these are now 
generally recognized as oxonium salts. 

Perkin {Trans. Chem, Soc., 1899,75,433) also took into 
account the possibility of quinonoid structure, thus the lakes 
formed by luteolin may be derived from the configuration 


O 



A number of natural dyestuffs, e. g. kaempferol (III) 
are derived from flavonol (IV), 

III IV 

These also give well characterised oxonium salts though their 
uses in dyeing depend on their power of forming lakes ; this 
they owe to the presence of hydroxyl (and carbonyl) groups. 

The colouring matters of flowers are glucosidesi which 
yield benzopyranol derivatives on hydrolysis ; thus pelargon- 
ine, the glucoside in the petals of Pelargonium zonale, gives 
pelargonidine on hydrolysis, the latter compound may be 
represented as salt and as pseudo-base by the following struc- 
tures.^ 



l) Reference may be made to the monograph in this series, 
the HoLtwral Orffdnlc Colcming by A. & Perkin rmd 

A, E. Everest, 191S- ;:v. ■ 

SyiBidi^c ^5 
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Artificial dyestuffs of the benzopyranol are 

scarcely likely to have much application and since the tin o- 
rctical (piestions underlying oxonium salt furinatinn Itave 
been discussed somewhat fully with regard to the pyryiiuni 
compounds, the benzopyrylium (Decker uses the term 
^‘phenopyrylium”) group will be treated coniparatively 
briefly. 

Decker foresaw the e.xistence «jf benzopyrylitJin and 
pyryiiuni .salts which would hear the same relationship to 
quinolinium and pyrirlinium .salt.s that the xanthylium and 
acridinimn salts bear to one anotlier, and in conjunctioti with 
von b'ellenberg (Bt'r., Hjoy. ,/o, ,^815) effected the synthesis 
of the first members of the series. The method employed 
was analogous to that used by Hunzly and Decker iHer., 
synthesis of aeridinitim and xanthylium 

compounds. 

Comiiarin and its derivatives were brought to reaction 
with alkyl magnesium Italides, by treatment of the jirmiucts 
with acids, benzopyrylium salts, substituted in po.sition a 
were obtained. In this way salts of a-mcthylbenzopyrylium 
were formed by acting on coumarin with methyl tnagncsiuin 
iotlide, of which only oite-half «>r ojie-third of the theoretical 
quantity was used. 


A 



A more genera! synthesis is effected hy condensing 
salicylaldehyde with aldehydes or ketones and then closinf Ibc 
ring by addition of an add ; thus when equivalent qnantitiei 
t>f salicylaldehyde and acetophenone arc mixed and treated 
in the cold with hydrqgen chloride, either in presence m 
absence of a solvent, the two consecutive reactions occur, 
and by extracting the mast with hydrochloric add and 
precipitating with ferric chloride 2 -Plwiiylbei«opyr|di.BBB 
ferrichloridc, m. p. 135 •, is obtained. 
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Aoh 

KycBiO 


CO -CeH, 

in. 


(- H,0) 


/\ /OH 

CO ■ Cjh 


CH 




H 


Cl 


(+ HCl — HgO) O 

'CII 
Cil 


These reactions were subsequently extended to the pre- 
paration of a number of compounds not only in the benzo- 
pyrylium but also in the xanthylium and coeroxonium series 
(Decker and von Fellenberg, Annalen, 1907, 55^^ > 3 ^ 9 ^^ 

3<^4> !)• 

Hydroxylated benzopyranols had been obtained a few* 
years previously by C. Biilow in conjunction with H. Wagner 
{Ber.j 1901,5^^1189) and W. von Sicherer 2368, 3889) 

by condensing phenols containing two hydroxyl groups 
situated in the meta position to one another with 1 : 3-diket- 
ones or 1 : 3-aldehyde-ketones. (Compare von Pechinann^s 
S3mthesis of coumarin, Ber.,. 1899,52^3681.) Phenols not con- 
taining two meta hydroxyls reacted less readily, and those 
with negative substituents not at all. 

As a simple case, we may consider the condensation of 
resorcin with acetylacetone ; this was effected by Biilow and 
Wagner {loc, cit.) by leading dry hydrogen chloride into a 
solution of the substances in glacial acetic acid at o allowing 
to stand 12 to 24 hours, adding absolute alcohol and filtering 
off the hydrochloride which, on crystallisation from a mixture 
of alcohol and aqueous hydrochloric acid, separated as 
straw yellow prisms. The base, liberated by meaas of soditun 
acetate, from the hydrochloride, was orange and^ amorphous; 
its analysis agreed with the formula and not with 

the expected C^xHi^Og. BQlow represented the changes by 
the scheme 

■ ■ 
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CH, Uit < 

Till* inliTintMiintf prtHlurls (1) uiiii (I!/ wm iMjabk* »>f 
isolatkjn ; the hydrochloride wajs not recognised as an 
oxoninm salt but the elements of hydrochloric acid were 
supposed to attacli themselves to carbon atoms.’ 

In tlie light of our present knowledge, the hydrochloride 
must he represented by formula (IV), whilst the anhydro- 
base might have the constitution (V), An oxonium Isctainc 
formula (VI) is less probable. 

OCl O j— »() 

HO/yV-CH. O-.f'YY: CH, Of^YVr CH, 


of unknown constitution which was named 


'phenacetclii' 
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A criiiiBCiii aiiiorplioiis pc>wc!i*r was thus obtained, insoluble 
in %¥aler and benzene, but easily soluble in alcohol, ether, 
glacial acetic acid ami alkalies. The acidi solution was yellow, 
the alkaline rasfiberry red, but became discoloured on stand- 
ing* owing decomposition, 

Bilow (/ler.,, 73^) explains the formation of the 

cciiiifMiiiiMl ill the fcillowiiig manner* The phenyl acetatcf first 
prcMliicccI is isciiiieriseil to a mixture of and /^-hydroxy- 
acetciplienoiics. 

0*c:0*CII, OH OH 

Q _* I^OCH, Q 

raCH. 

The two ketones then react with one another; the equa- 
tion given by Bislow represents the para isontieride in the 
enolic condition. 



This is the anhydro-dersvative of a-^-hydroxyphenyl-4- 
methylbenzopyranol (I); the anhydro-compound miglit b« 
written with an alternative quinonoid formula (II) 

(•»,/ OH CH, 

{ n 

Biilow's representation of the formation of phenaeetein 
is analogwis to that which has been given for the preparation 
of flavaniline from acetanilide by heating with zinc chloride. 
(Sec p.34) 


JUmamtein. 

Sevtrad p^wincts are obtained when reiordn is heated 
with acftk acid and sine chloride, amongst these a colour- 
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ing matter, resacetein, (Nencki and Steber, /. pr. 

Chem., i88i,n, 2j, 54). If comparatively small amounis of 
zinc chloride are used, resacetophenone ((2: 4-dihydroxy • 
acetophenone) is the chief product (loc, rib, 147) but this 
undergoes further condensation. 

Nencki and Sicber boiled one part of resorcin. 2 parts 
of glacial acetic acid an<i 3 parts of zinc chloride for 1V2 
2Vg hours under reflux, poured the melt into water, dissolved 
the precipitated resin in alcohol and filtered the solution, into 
a large volume of water aci<lified witli hydrochloric acid. 
Ammonia was then added until the liquid was only faintly 
acid and the precipitate thus produced was boiled repeatedly 
with alcohol until the residue dissolved in ammonia with a 
pink colour and showed no fluorescence. The alcoholic 
solution contained the acetfluorescein, which was 

formed in the reaction; the residual resaceieiti was then 
dissolved in warm dilute ammonia. On allowing the ani» 
monia to evaporate by exposure to the air. red needles 
containing ammonia were deposited, the free resacetein being 
obtained' as an amorphous powder. Biilow (Ber., ^903, jd. 
733) tised the same quantities but made a variation in the 
method of isolation. 

Resacetein is soluble in alkalies with rc^d colour; the 
solution, however, soon decomposes. The compound exhibits 
basic properties, being readily soluble in hydrochloric and 
acetic acids; Nencki and Sieher isolated the salts 

HCl, sHjO and (C,»H,, 0 .)aHjS(>.. A /riaf#/j>/.dcrivativ«, 
C19H.O4 (CjH.O)„ m. p. 239*. was prepared by Kaisinf»ki 
(/. pr. Chem., 1882,11, 58). 

Bfilow (Ber., 1903,31^,730) took up the examination of 
the compound and considered it was produced by the con 
densation of two molecules of resacetophenone accordingf to 
the equation 





Ifi .siijipcirt -ni tliiH virw. ilul<-»w fi.Hiinl i!i;it 
phriifJiir anci rcsordii wrrr pmiliicrd mi hthitm with alkalit*"^^. 
Fiill c«fifiriiiali«iri wa^ afl«»rtlr 4 by IHibiw ami C*. Saiitrr- 
inei^tiT^ synllieHi^ cif llir dii^tlit»3C-y-.iirrivalivr fifrr.. j;% 

354) fri'iin ilirtlioxybrii^iiylarrliiiir ait«l rr^f^rriit whitit 
reSiicclrin tin cirarllivliititin. 


+ CIL 




+ Ht J 




KJtnmi 


"rtir CiiiidriiMtlitiii wa^ rflrrird liy ja^'^itig dry ityrirrigrii 
clilaridt* irifc* 11 cmilrd ifiliilioii nf ^tmm fil ihr tlikrttinr aiiit 
4 graiiw cif rtsorcin in 45 part^i nf gkrial imrtk ariti I fir 
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These salts must be refjarded as possessinji nrtho- 
quinonoicl structure; if however positions 3 and/«»r d are 
occupied by hydroxyl or amino fp-oups, the production of 
para quinonoid compounds is possible, e g. 


O O 



Even a dialkylated amino group in positi«in 3 or 
6 renders the formation of />.quinonoid salts possible, though 
the constitution of such salts may correspond ttj an o- 
quinonoid oxinium salt configuration. Thus formaldehyde 
may be condensed with two molecules of a dialkyl ?»■ 
aminophenol to a diphcnylmethane derivative (1), which 
by loss of water passes into a tctraaikyldiaminoxanthene 
(II). Oxidation of the latter compound gives a pyroninc (IH) 
to which the alternative oxonium constitutions (IV) and (V) 
may be assigned. The corresponding pseudo-base is in any 
case represented by the carbinol formula (VI). 



The compound in which M =ssCH, was diticovered by Bender 
in 1899; it forms the dyestuff known as Pyronine G. 
Compounds containing groups of the structure 



laid b«<a» known in an impure state for many fmtM, but ft 
was not until after the discovery of the pyronlnes that their 
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constitution was recognised, whilst their preparation in a pure 
condition is of comparatively recent date. 

The reactions between aldehydes and phenols were first 
studied by Baeyer; amongst them, the action of methylene 
diacetate on gallic acid was examined {Ber., 1872, 5, 1096). 
Two crystalline substances were obtained! to which the 
formulae Ci(jHi20io and C1QH14O11 were assigned. 

At a much later date, Kleeberg (Annalen, 1891,2(55,285) 
condensed formaldehyde with gallic acid ; he gave the formula 
Qe^iaOio to the amorphous acid he obtained. 

N. Caro (S^r., 1892, 25, 946) carried out the same re- 
action by boiling two molecular proportions of gallic acid 
and onei of formaldehyde with 1 5 times the quantity of dilute 
(i : 5) hydrochloric acid ; the resulting white powder was 
crystallised from dilute alcohol. Caro recognised that the 
reaction took place according to the equation 
2 CeH2(OH)3COOH + CH2O 
= H.O + CH 2 [CeH(OH) 3 COOH ]2 
Resorcin and pyrogallol when condensed with formaldehyde 
gave respectively tetra- and hexa-hydroxydiphenylmethane. 

From compounds of this type, Mohlau and Koch (Ber., 
1894, 27, 2887) prepared substances to which they gave the 
name of fluorones; these resulted by the action of sulphuric 
add which removed the elements of water and oxidised the 
xanthene. 

Thus ‘"formaldehydoxyfluoron’^ was obtained by heating 
10 grams of methylenediresorcin (2 : 4 : 2^ : 4'-tetrahydroxy- 
diphenylmethane) with 60 grams of concentrated sulphuric 
add for 15 minutes to 140 — 150® and pouring the solution 
into water. 

+ H.SO.-aH.O+SO. + HOQ^: O 

The analytical figures obtained for the substance agreed 
very badly with the proposed formula f more satisfactory 

i) At a much later date, Kehrmaim and Jones obtained 
3 - hydroxyfluorone in a pure conditicm (See p. 241). 
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results were obtained when mcthylenccliorrin wa-i condensed 
to “formaldehydoxytolufluoron", 

O 



This compound separated from methyl alcohol in dark 
brown crystalline grains; the dilute alkaline solution exhibited 
a brown colour and a yellowish green iluorescewe, Mohlaii 
and Koch obtaincfl a higher homologue by condensing acetal 
dehyde and resorcin to ‘'acetaldehytlfluoron" ; they also pre- 
pared the pyronine resulting from ^icetaldehydc and dimethyl 
w-amino-phcnol. (Compare Kchrrnann and S. M. jonm, see 
below.) 

A carboxylic acid of the fluoronc series %va« obtained 
by J.T. Hewitt and F.G.Pope (Ser.. 1896. 2834) by the 

oxidation of diacetylcitrswtonfluoresccin ; to this the following 
constitution was assigned. 

«:ooH 

Mohlau and Kahl (/ier., i8y8, j/, 259) further studied the 
reaction of formaldehyde with gallic acid and obtained four 
modifications of methylcnedigallic acid. Two of these were 
crystalline and two amorphous; of each pair, one wa* more 
easily soluble in water than the other. The amorphous acids 
were looked on as polymerldes of the crystalline forms. 

A special study was made of the conversion of the diffi- 
cultly soluble methylenedigallic acid into trihydrostyfluorone- 
licarboxylic acid. This was efifected by treating a sulphuric 
acid solution of the former add with a nitrosyl sulphate 
solution at ordinary temperature, condensation ami oxida- 
tioii biking place. 
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OH 


OH 



+ 2NO + 2HaO 


Trihydroxyfiuoronedicarboxylic acid, thus obtained, 
forms a violet crystalline powder giving satisfactory figures 
on analysis. It is sparingly soluble in water; the sulphuric 
acid solution is yellowish red ; solutions in alkaline carbonates 
are violet, in ammonia blue, and in caustic alkalies greenish 
blue. None of the solutions are fluorescent; the compound 
behaves as a mordant dyestuff. 

Acetylation gives a colourless crystalline acetyl deriva- 
tive, m. p. 140.5 — 141.5®, to which the constitution 

CHgCO-O O O-COCH, 

CH,CO • O/YVNo • COCH. 



is assigned. On reduction, two atoms of hydrogen are taken 
up and a colourless leuco-compound (xanthene derivative) 
is formed. 

It might be supposed that resorcin and pyrogallolj would 
condense with monobasic acids giving compounds identical 
with those formed when these phenols are condensed, with 
aldehydes and the resultant products subsequently oxidised. 
By heating i part of formic acid, 2 parts of resordn and 
2 parts of zinc chloride for one hour to 140— 145/*, Nencki 
and Schmid (/. j^r. 1881, n, ^5, 547) obtained a sub- 

stance which, after purification, formed a brick red amorph- 
ous powder, and dissolved in alkalies giving yellowish red, 
non-fluorescent solutions. At the time, the formula 
and structure 
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were assigned to the compound, but Nencki was unable t 
make acetyl or benzoyl derivatives iLpr.Chem., 1882. 

279)- 

Oxalic acid might be expected to react with resorcin t. 
give fluoronc compounds, possibly the hydrox,Y{luoronec,iirt 
oxylic acid obtained by Hewitt and I’ojie. 


2C,H,(0H),+ I 


COOH 


COD I f 


.2H,o + fio.(:.n,<^>c,u,:o 

COOIf 


This does not seem to be the case ; the reactioi 
between the two compounds has been studied by diJIcren 
lexperimenters under varied coi»dition; and a number 0 
products of unknown constitution obtained, 

Baeyer (JSer., 1871, .#,662) heated the two substance 
with concentrated sulphuric acid obtaining a yellow sub 


Baeyer suggested it might be a mixture in which euxanthom 
was present. 

Claus and Andrcac {Ber., 1877, /o, 1305) heated resorcii 
(i mol.) with dehydrated oxalic acitl {2 mols.) in sealed tubei 
for 2 or 3 hours at 200“. The product was soluble in alkaliei 
with green fluorescence and was given the fommla C,,H,0* 






FLcoiHjxt: AM} t’u omsi mMPof’Mts 


Ho-c,n/ ■'.>(> 


f.n.totiK 

c.ri.cuii)" 


-’i7 


asnif^uol t>f il. 

IlriMlt aifl A. !•.. 1‘iif t / ram ( /!«'»!. "5, 5 iHj 

exaii!!in'i| ll;<; ;n’»’«ir»imn tu ihr 

!<> <*iik;i'iaaij/ ami aU»rr«J tin- i'oriimla Ut < 
thr |»rrn jifagi". <*i an«l hy*lr«*K:rt« art* firaily niniiical. 

Salt*. «‘i !is»' tyjtr anil a trjacriylatrd latt^nir, 

•«** * ^* pfcpami, Acclylatimi in j>i«‘Hr«rn 

f4 a iTilurinK aj'rtii jifavr a tcIracHylatril laslimr, >« 

H^S,. Hifminlalion probably rffuct** dfavaK*- »4 fbr 
inolri'f.l*', in accordance with the eipiation 

C«lf,/), + .-iC,».COCl 
/■'>*{( -fHst'.)) + c,n,coc,H,f.>), 4. ^ $it:i 

Allboligh ll»P coi«|MH»iwIs prepared by tiiikaJooaiM and 
Oat!-*. |»«ii»e*s ihr name formulae, they arc itofncric, not 
idemical. 

Cicncrally, better defined ciiiiipotmtl* arc oliiained f»y the 
condenittion of resorcin with aromatic aldehyde* and acid* 
or the chlorine crmijimind# corresponding to the acid*, t howgh 
Midiael and Kydrr {dwier. C/icw. /., ifl84, .1. obfamrd a 
reilo of the ewpifical formula by adding 

quantities of hydrochloric acid to an alcoholic solniion of 
resorcin and bensaMehyde, 

i). Dobiier {.'ititmlfH, 3,|4) obtained /fciorwi* 

Ijmsmn by beating resorcin fa mob,) with l»eii*otrichforlde 
fi nnd } to After extracting the product, willi 

toiling water it was dissolved in caustic notla, reprecipitated 
with acetic acid and crystallised from a mixture of flaeial 
Mctic acid and alcohol, To the compound prepared in this 
mannef, the formula wai assigned, i, e. it wa» 

ssippOMtd that the first product of the action of btnaotrichlor. 
id*! on resorcin was a tetrahydroxytriphenylnwthyl chloride 
which then exchanged chlorine for oxygen. 

c,if» . CO, »na4-c,ii, • cofQi f.coii t,j, 

a C,*l-i„0*a 4- 1*1,0 2 HQ + C,*H„0, 
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By loss of water at 130^, a product of the compositinii 
was obtained. 

Resorcinbenzein, as prepared by Dobner, forms larffe 
violet red prisms, yellow by transmitted The coiiipr'iimcl 
is insoluble in water, ether and benzene ; when freshly pre- 
cipitated it dissolves readily in hot alcohol though the crystals 
are very sparingly soluble, 

Dobner’s material seems to have been iniijure tor F. 
Kehrmann and O. Dengler (Ben, 1908, 3445) proved de- 
finitely that the compound must be a derivative of 9«piieity!* 


fluorone* (I or 11 ). 


0 


0 

000 " 

c 

0 ^ 


C,H, 

C,H. 

C.H. 

I 

n 

HI 

0 

ox 

OX 

CH.O0^,O 


CH.oQ/y^OCH, 

C,H. 

4 h. 

€,»* 

IV 

V 

VI 


o 

O 

CH.C0-NHQ^P^:0 



C.H. 

C,I 4 


VIl 

VIII 

i) Kehrmann represented flnoronei, Mdr»fiOt» and BmU^mm 
cmriipoiindi with o-^ninonoid oKoniwn httiint (ll|« 


Corr-espondingly, rostmints were rtpr#itatdl wttli •» |X) 

Ittititd 0f as ammonitiffl (XI) itjmetttrt, bot iiact Ethraaaii. 
stif now admits p - con^itistlott im , llic c*ic of •ittiiy 

compounds which he previotiily looked m li o - Qislnofioid, them 
attmg no reason to do more than reftr to views which hat# b«t» 
larftly abandoned and which the .prmai writer never ihartil. 


n.rtiHuSE isii yi.fofUM mMi'ut-NtiS -'i9 

I »x 

-aJ 

c 

r.H, 

IX 

i ^ll| 

XI 

Wlirii m ;irrty|*iiiiiiiMji}trfi«l rcitirlrri%rt| %vitli 
!rirlil«iriiir, J : ^ |itii*iiy!^;irilhoiiiiiiii rfil*iri4i* 

(IX| fiiriiirt! ilir rliirf |■lr«l♦-llln, tiiii hy a 

certaiii aiiPiiiiit «4 j iVIll wliirli 

yirifirii filirriyllliiir*r**iir fVlIll riii hytlrwiyuifi, lly 

ihpI irraiiiiriit iviili ;ilr«ihrtl, jihriiyUliiarfiiir Cl) 
wii wliil^t sf ihr lif#ilr4 wilti 

%tali?r, |4iy4rci?^y.i|j4iriiyil1ii«rt#iir (IH'i rr’*i.i!f.r4. I'lir lailrr 
ri.,iiii|Riii«cl m%M ti'ttmpMml rrtijfrirtlirijjpriii til'ifaiiirrl tty 

tlir ftl with rc^riftiii ffiiiiiil 

III lir iikfiiirah the 

■Miiifilfil (K ftr %t} m 


ox 




‘.H. 






I 


f # 
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reprecipitated by addition of hydrochloric acid. Finally the 
compound was dissolved in hot ammonia solution, precipitated 
with dilute acetic acid, collected, dried and crystallised from 
a boiling mixture of benzene and alcohol, or from hot nitro- 
benzene. 

Resorcinbenzein melts at 333®; if pure, the substance 
should give a clear yellow solution, and then a separation of 
pure yellow crystals on adding hydrochloric acid to its 
alcoholic suspension- The alkaline solution, if concentrated, 
appeors orange red by transmitted light, the dilute solution 
appears yellow in thick and rose red in thin layers; it 
fluoresces like fluorescein, but more feebly. 

The following are the chief properties of phenylfluorone 
and its derivatives. 

g-Phenylfluorone. Prepared from aminophenylfluorone 
by diazotisation in fairly concentrated sulphuric acid solution 
and addition to cold alcohol {Her., 1908, 41, 3444, 874). Small 
orange crystals, m. p. 204 

2-Metkoxy-g-phenylfluorone (Ber.j 1909, 4^, 874). On 
adding methyl sulphate to a solution! of resorcinbenzein (III) 
in nitrobenzene at 150®, methoxyhydroxyphenylxanthonium 
methylsulphate (V) is formed ; the corresponding chloride may 
be salted out from its aqueous solution. These salts are 
orange yellow in colour ; their solutions are somewhat readily 
hydrolysed on warming ; addition of sodium carbonate solu- 
tion precipitates 3-methoxy-9-phenylfluorone (IV). This 
compound separates from alcohol as chrome red bundles of 
needles, m. p. 202 It is more basic than resordnbenzein ; 
the solution in concentrated sulphuric acid is golden yellow 
in colour and shows a green fluorescence. 

2:6-Dimethoxy-g-phenylxanthonium salts (VI) are ob- 
tained by adding methyl sulphate to a solution of the preced- 
ing compound in nitrobenzene at 150®. When sodium 
carbonate is added to the aqueous solution of the resulting 
methylsulphate, the corresponding carbinol base is precipitated 
which, when crystallised from methyl alcohol, yields the cor- 
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responding colourless methyl ether of m. p. 112*^. Froni the 
latter, dimethoxyplienylxaiithoiiiumi chloride is readily obtaia- 
ed by the action of hydrochloric acid and methyl alcohol. 
The salt is soluble in water with very slight hydrolysis ; other 
salts, e. g. bichromate and iodide, may be obtained byj double 
decomposition. 

:^-Acetamino-()-phenylflwrone (VII, Ber., 1908, 47, 3443)- 
Shining, chrome red bundles of needles; gives bright yellow 
salts which exhibit a green fluorescence in solution. 

2-Ammo-g-pkenylflmrone {Vlll, loc. ^^^.3444). Obtained 
by acid hydrolysis of the preceding compound. Dark red 
needles, m. p, 305 The salts give yellowish red solutions. 

^iS-Diacetamino-g-phmylxdnthonium salts (IX, loc. cit. 
344.6). The chloride forms yellowish brown needles with 
blue reflex, soluble in hot water with pure yellow colour and 
green fluorescence. 

3:6- Diamino - 9 - phenyl scanthonium salts or simplest 
Rosamine (X or XI). The preceding compound is hydrolysed 
by mineral acids, both acetyl groups are removed and salts 
of type X or XI (more probably the latter) are produced. 
The orange red chloride is easily soluble and dyes, tannined 
cotton orange. 

In a later paper {Annalen, 19x0,572,287) Kehrmann in 
conjunction with O. Dengler, K. Scheunert, R. Silzer, S. M. 
Jones and X. Vogt described a large number of compounds 
of xanthonium structure. Several 3 :6-diacetamino-9-phenyl- 
xanthonium salts vrere described and their analyses given, 
and the simplest phenorosamine and 3-amino-6-hydroxy-9- 
phenylxanthonium chloride were more closely examined. 
Acetylaminophenylfluorone adds on methyl sulphate giving 
3-acetylamino-6-niethoxy-9~phenylxanthoniumi methylsulphate 
from which a number of other salts were prepared. Qtiinol 
and toluquinol were found to yield benzeins, and several salts 
were prepared in each case. 

Reference has already been made to the ^^acetaldehyd- 
fluoron^' of Mohlau and Koch, Kehrmann and S.M. Jones 
obtained this compound in a pure condition. By heating 

16 


Syntlietic 
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resorcin and 2 : 4-dihydroxyacetophenone (resacetophenone) 
with stannic chloride to 160 — 180", a stannichloridc of the 
composition (Ci^HnOg^SnClg was obtained ; this crystallised 
in large dark red granules with a blue metallic reflex ami 
furnished 3-hydroxy-9-methylfluoronc when treated in aqueous 
solution with sodium acetate. Conden.sation had taken place 
according to the equation O 


C,H,(OH), + C«H,(OH),-COCH, « 2 H.f ) + 



the hydroxyrncthylfluurone reacting with stannic chloride 
and hydnjchloric acid resulting from the hy<lrolysi.s of some 
of the .stannic cloride to form the salt 



i-Hydroxy-^metkylfluorom tTystaUise.s in large tlark red 
plates with a blue reflex and melts at 238® with dccomposi- 
tion after previously sintering at 229“. Its yellow solutions 
show an intense green fluorescence; the comjKJund is iden- 
tical with the acetfluorescein of Nencki and Sieber. It reacts 
with acids forming 3:6-dihy<!roxy-9-rnethy!xanthonium salt*; 
the chloride, bromide, iodide, platinichloride and picrate have 
been prepared. 

On heating with acetic anhydride and sodium acetate, 
the diacetyl derivative (ni. p, ;»o®) of the corresponding 
carbinol is produced. 


O OOH 

CH, CH, 


3COCH, 


or 


CHXOi 




OCH, 
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G-diacetoxyxanthone (m. p. 204®), 


ch,cooQQQoco CH, 

CO 


^ d. at the same time. The parent 3 : 6-dihydroxyxanthoiie 
previously obtained by R. Meyer and A. Conzetti 
^hydration of 2:4:2’: 4’-tetrahydroxybenzophenone 
^897,50, 971). 

'"hen 3-hydroxymethylfluorone is acted on by glacial 
a.cid and sodium nitrite, an oximino-derivative is ob- 
3.8 dark red prisms with a green reflex and of m. p. 
This compound is quantitatively decomposed by caus- 
3 solution yielding sodium cyanide and 3 : 6-dihydroxy~ 
>ne. 



CH, 



reducing 3 : 6-dihydroxyxanthone with sodium amal- 
‘^-hydroxyfluorone is obtained. This forms a brick red 
line powder with a blue reflex; the corresponding di- 
cyxanthonium chloride is yellow, 
i all Kehrmann’s' papers of this period, tlie fluorones 
^presented with orthoquinonoid formulae whilst para- 
.oid structure has been assigned to these compounds 
hook 

h^ld to the view that the free fluorones were 
inonoid, thus whilst 3-hydroxy-9-phenyIfluorone is 
s of existence, 2-hydroxy-9-phenylxanthonium salts 
I colourless 2-hydroxy-9-phenylxanthen-9-ol (m. p. 158 

16^ 
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td i6o decomp.) when hydrolysed (W. Kropp and H. Decker, 
5 er., 1909, 578). i 

OX O 

O^^OoH O^OH 

C.H, 

Quite a different view 01 ilu- ^‘ini^inuUim of the Sii!l5 
formed by the fluoroncK with adds was put forward by M* 
Gomberg and L. Cone (Antmlen, um, 570, 1421. Hiese 
authors considered the substances in question to be really 
carboniiim salts which like triphenylmethyl chloride can ejcist 
in both benzenoicl (J) and f|uiiionoicl {II and III) forms. 


oco 




OJO 

T. 

11 


/v/v" 


In favour of this view, the following evidence was 
brought forward. On passing hydrogen chloride into a solu- 
tion of a xanthcnol (xanthydrol) in a neutral solvent a hy- 
drochloride of a xanthenol chloride i.s obtainetl as a yellow 
precipitate; when the molecule of hydrochloric acid is re- 
moved a colourless chloride remains which behaves in a 
similar manner to triphenylmethyl chloride. These colourless, 
normal xanthenol chlorides give yellow solutions when dis- 
solved in liquid sulphur dioxide, which is considered to show 
that tautomeric forms exist. Moreover, when phenyl-^-bromo- 
xanthenol bromide is treated with silver chloride, pheiiyl-/>. 
chloroxanthenol chloride results. 

A large number of compounds were prepared ami des- 
cribed in the paper referred to, salts derived from the follow- 
ing xanthenols being obtained!. 



Fhenylxuithenol, 


FiJyikOXE AXif FiJ^OklM mMPOVSDH 


^■15 


|^4'#4>ixaiith«i<iL m. p. 150^ 


XJf.^CfL 


Pliefi>itli«aiilitli«maiit!icii**l, m. p. 3#iS" 




^•Clikiroiilitni'lxafttliepol, m, p. 173*# 




3 m\ 

”{i)C„ng(o'^ ''OH 

X.n/ "' OH 
(3^C.H C.H.CI 
' ’(HI 




N.Ht 


Phenyl-jKhlttroKtmhcnot, m. p. 164*, * 

I’hcByl-^-bromoKsrulicnol, m. p. 178*. * 

The will's Ilf the jiyrjindls and j»iienylaeriel»l>i were con- 
sidered as having analugtnis structures, 2 : ^-diphenylhcn^o- 
pyraiud ehhirirle hydruchhinde and 5 : lo-diphenylacridot 
chloride hydrochlori«ie heing regarded as {lossesHinfj the con- 
stitutions 


tK 


H 


fii 

HI. HCI, 


Kehrimtiii {Annalm, 1910, ^7*^ 2^7) refers to the work 
of fsornlierj? and tTone hut disagreeK with them as to the 
carhoiiiniii striirttire of the iah» derived from the xanthemds. 
His view is that tlie highly coloured chloridehydrociiloride 


hydrogen ehloridr iiassing either ini© the coiottrlesa CArlMA©! 
chloride fill or the coloured oxonium chloride (lit) 

H Cl Cl 

o?o 0^ 

C,M, 4 m» 

I II fit 
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3-Hyclroxy-«9“pht;nylfliiorone may also be tiljtaiiied I'rorii 
resorcin and' benzaldehyde, a clean method of condensation 
having been worked out by F. G. Pope and id. iloward 
{Trans. Chem. Soc., 1910,97^78). 

Alkaline condensation of resorcin and benzaldeiiyde 
yielded dihydroxybenzhydrol. Calls' CH (()H)-QH^fOH)g, 
which when heated with resorcin and zinc chloride gives 3:6- 
dihydroxy»9-phenylxanthcne, m. p. 136**. 


* CHOH • QH,(OH), + QH*(OH)* « 

This genera! method is capable of wide application and 
Pope and his co-workers have produced many xantlieiie and 
clihydroacridine derivatives by tlie use of various plieiirds and 
primary bases. 

Pope and Howard {Trans. Chem. Sor., 1910. 97. 
oxidised the 3 :6»dihydroxy«9*ph€iiyIxantherie to jdiydroxy- 
9-phenylfluorone by solution in N/i caustic soda solution 
and passage of a current of air for two or three days. On 
adcition. of acid, a dark brown precipitate was oliiaineil 
which was crystallised from alcohol, it seiiaratecl from this 
solvent in dark brown scales with a deep blue reflex. 



+ o + CO, - 
- Na HCO, + 



:0 


The substance gave satisfactory results on analysis, 
formed a hydrochloride, yielded a dark brown mc^noaceiyl 
derivative with acetic anhydride and fused sodium acetate, 
whilst acetyl chloride converted it into 3;6.diacetoxy.9* 
phenylxanthonium chloride 


CH,COOC,H,^ 


,OCl - 


But a brief reference will be made to H. von LieWf'i 
iriews as to the constitution of resorcinbenaein {/, pr. Ck^m., 
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KjOR, n, /A', 534). iluving otjtaiiifil n>st»rcinln'nzein by the 
condensation «d resorcin with henztiic anhydride or lHMi7.il, 
von IJehif,' espre-^^ed the structure hy the formula 



C.H.(C>HK 




rhis agrce.s with the cenniKisition assigtictl hy Dohrier to his 
resorcinluMtzeitt after dryiu}^ at 130". Cohn also funmilated 
the prudiict «»f the action of benzoic acid on resorcin in j>re- 
scnce of zinc chloride as C;,Hllai,< >} {Ber., 1893, ^’ 4 , 20^*4; (/, 
pr. Vhan., J8<i3, tt. 4^', 387). Von Liebig obtained other an- 
hydrides such as C,Bf f|sjO,„C,II/)lL whilst in later papers 
it was assimied that the DolHier method of syntliesis gave 
rise to a mixture of products f/, pr. Chem., 1912,11,^5, 97, 
241: I9J3, n,^^>2f»). Of these compounds a-resorcinbenzein 
has the formula C„,II,3t ), ; it is hydroxyphcnylfluorone. Other 
compounds isolated ;ire // resorcinhenzein (C,„fi,jOg)*, 
C,HgOH, y.resorcinbeazein, CC,»H,gOj,)*. !f,0, C,H,,OH and 
the ilihydroxybenzophetione compouiui of the 7 lienzein. 

The constitution of the oxonium salts of the fhiorescein 
ethcr-esters formed the subject of a further communication 
(von Liebig, Btr,, 1913,^4 27,36) which led to a reply on the 
part of Kehrmann fiWrf. 30;^) and a counter reply from von 
Liebig {iM. 3593). 

fn view of the decisive results obtained by F. (t. Pope 
and IL Ilmvard. there is no necessity to discuss von Liebig's 




248 


BYNmETIO COLOUIUNO MATTMIiS 


iiig compoinids were obtained through 3:6-dichloro.«9.plieriy!- 
xantEoninm chloride. This reddish-yellow compound (de- 
compovses about 200®) was obtained l)y the action of phos- 
phorus pentachloride on hydroxyphenylfliiorone in presence 
of phosphoryl chloride. 



Potassium cyanide in alcoholic solution gives 3:6ali« 
chloro-9-cyano4}4>henylKanthene which can In* iiyclrolysed to 
the corresponding carboxylic acid, whilst sodium alkyloxides 
convert dichlorophenylxanthoniiim chloride into 3 : 6 • di- 
chlorO“9-pheiiylxanthyl ethers. 

Towards bases, the dichloroKanthoniiim chloride is re- 
active, the chlorine atoms in poiitions 3 and 6 l:>ei«g replaced 
by amine reiidues. 



aHCl-f 


-at 


NH(C,H,)a 


C,H. 


C.H 


* 


This reaction was studied witit aniUne, o- and /(-toluidines, 
2-naphthylaniine, ^-phenylenediaittinc and ]^-amtnophenol. 
Tliese rosamines gave blue to violet solutions which were 
generally fluorescent 

The normal manner in which s-hydroxy-g-phenylfluorone 
reacts led Pope and Howard (Tram. Chmm. Soc., 1914, los, 
251) to rei>eat much of von Liebig's work. Compounds were 
prepared according to his diredtions and compared with 
known protlucts. The different varieties of resorcinbenzeia 
described by von Liebig were all found to be .i-hydroxy-p- 
phenylfluorone and the same held for the two anhydro- 
resorciabenzeins. The fi- atral y-hydrochloridcs all had the 
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forimiia HCl, i. c. they were simply dihyfiroxy-9- 

phenylxanthoniinn chloritle. The barium salt, acetyl deri- 
vative aiul acctylated re<luctian product were all found to be 
quite straightforward compounds, whilst it was shown that 
the products of alkaline fusion are resorcin and dihydroxy- 
benzophenom* and not a pair of compounds Ca„Ifg„(),, and 
C,»I 1 ,„ 0 ., as von Liebig had stated. 


Tnhifdroxyflmrones 

C. Lieberinann ami S. Lindenbatim (B^r., 1904, j/, i tyi) 
exantined the behaviour of benzaldchyde toward.s the three 
trihydroxybenzene.H ; in the case of 1:2: 4-trihydroxybenzene 
a definite fluorone wa.s obtained. 

2 ::^:j-Trihydrt>xy 4 )^phenyU(>~fluormic was obtained by 
dissolving 5 gram* of iKinzaldehyde and 20 grams of 1:2:4- 
trihydroxyhenzenc in 200 cc. of alcohol, adding 32 gratm 
of concentrated sulphuric acid diluted with 160 cc. of water 
and heating the mixture in a boiling water-bath for 5 or 6 
hours. On cooling, much of the sulphate of the dyestuff 
separated as simll yellow needles; the remainder was re- 
covered from the mother liquor; the best total yield was 
55 per cent. 

The free fluorone doe* not melt below 300* and is 
sparingly soluble in all solvents. The alcoholic solution shows 
a green fluorescence, the alkaline solution ha* a i>eautiful 
carmine colour. A triacetyl derivative and various salts were 
prepared. 

2:3:7. Trihydroxy - 9 - methyl - 6 - fluorone was obtained 
from I : a ; 4-tri hydroxybenaene and paraldehyde in 90 per 
cent alctthoHc solution by adding about 2 per cent of con- 
centrated sulphiific acid It is fixed by mordants ; alumina 
gives a bright orange yellow, iron mordants a brownish 
violet. 
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CHAPTER XII 
PYRONINES AND ROSAMINES 
Though the fluorones possess considerable interest they 
are technically of little importance except in so far as the 
chloroxanthonium chlorides are capable of reacting with 
amines and giving pyronine dyes. The latter may, however, 
be obtained more readily by condensing formaldehyde with 
w-aminophenols to diaminodihydroxydiarylmethanes, closing 
the xanthene ring and oxidising the resulting leuco-compound 
to a dyestuff. This may be illustrated by reference to the 
production of Pyronine G from dimethyl-w-aminophenol and 
formaldehyde. 


O 



Pyronine 

The first patents (Brit. P. 8673/1889; F. P. 198785; 
D. R. P. 54 190/1889) relating to the production of pyronines 
were taken out by F. Bayer and Co., who' found that methyl- 
ene chloride and dimethyl-w-aminophenol reacted with one 
another. 3.4 kilos of the former and ii kilos of the latter 
were heated for 3 or 4 hours at 130 — 140*^ under pressure, 
and the mass slowly introduced) into 60 kilos of concentrated 
sulphuric acid (66® Be.) whereupon hydrogen chloride and 
siilphur dioxide escaped. 

After heating for half-an-hour at 160 ® the mixture was 
poured into 200 litres of cold) water and the excess of sulph- 
uric acid neutralised writh milk of lime. After thorough 
boiling and settling, the solution was decanted and filtered 
and* the colour base precipitated by an excess of caustic soda. 
The resinous base was dissolved in 9 kilos of hydrochloric 
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acid (33 ®/o) and 50 litres of water, and the colour salted out 
as a double zinc salt by the addition of sodium' and zinc 
chlorides. Although a resinous precipitate was thus obtained, 
it became crystalline on standing for 24 hours ; it was then 
dried at 30 — 40 ^. 

A. Leonhardt and Co. (D.R. P. 58955/1889) showed 
that for the conversion of dialkyl - m - aminophenols intO' 
diphenylmethane derivatives, formaldehyde could be used 
instead of methylene halides as in Bayer's patent. 

Example i. An aqueous solution (30 per cent) of three 
kilos of formaldehyde is added to 28 kilos; of dimethyl-w-* 
aminophenol in 60 litres of alcohol; the solution becomes 
warm and after some time the tetramethyldiaminodihydr- 
oxydiphenylmethane] crystallises out. After a recrystallisation 
from spirit it is obtained as shining leaflets, m. p. 180®. 

Example 2. Add a 30 per cent aqueous solution of 3. 
kilos of formaldehyde to a solution of 33 kilos of diethyl- 
w-aminophenol in 70 litres of methyl alcohol and 10 litres 
of concentrated hydrochloric acid. After standing for some 
time at the ordinary temperature, add a solution of 15 kilos 
of sodium' acetate in 30 kilos of methyl alcohol, filter off the 
condensation product and recrystallise. M. p. 165 

The same firm took out additional patents, simplifying 
the procedure and usingj other aminophenols. 

Thus the use of an alcohol as a solvent is omitted in 
D.R. P. 63081/1892. 

Example i. 14 kilos of dimethyl-w-aminophenol or 16 
kilos of diethyl-^aminophenol are dissolved in 100 litres of 
water and ii.i litres of concentrated hydrochloric acid. 3.8 
kilos of 40 per cent formaldehyde solution are added and 
when the smell of the latter has disappeared, the tetraalkyl- 
(fiaminodihydroxydiphenylmethane is precipitated by addition 
of sodium carbonatei solution. 

Example 2. In this case the condensation is carried out 
in alkaline solution, the quantities of dialkyl-^aminophenols 
mentioned in example i being dissolved in I a kilos of 33 per 
cent lye diluted with 100 litres of water^ 3.8 Hlos of 40 per 
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cent formaldehyde solution are added, an<l when 
of the aldehyde has disappeared, the base is |>recipit:i|^ ^ 
acetic acid. 

A. Leonhardt and Co. deal with the condensai|^ 
aminocresol (CH,: NH^: OH === 1 :2; 4) in another 
(D. R. P. 75 373 / 1 ^ 3 -) 

Example i. 12 kilo.s of the aminocresol are 
in 12 litres of 30 per cent hydrochloric acid, aiul 200 
water and 3.8 kilos of 40 per cent formaldcdiyde s^^i, 
added. When the smell of the aklehyde has disappeari.^j 
mixture is warmed to 60“ and finally precipitated by 
I carbonate. 

1; Example 2. 12.5 kilos of the aminocresol in 30j> ■ 

i of water acidified with 2.5 kilos of concetti rated si)||^) 

acid are treated with 3.8 kilos of 40 fter cent formalti^. 
solution in the cold; in this case the condensation pre 
is isolated a.s the sparingly soluble sulphate. 

Leonhardt's first patents for the manufacture of pyr« 

; were taken out in 1899 (Brit. P. 13 217/1889 ; U. S. P. <>f 

der 359916; F. P. 200401; D. R. P. 59003) anti marl 
and B were placed on the market. Tlie procedure is illtmt i 
as follows. 

Example i. 2.7 kilos of tetranicthyldianiinoxanfhet*) 
dissolved in hot dilute hydrochloric aci«l (4 kilos of 
centrated acid to tx> litres of water). After cooling, at|M 
sodium nitrite is added as long as formation of colot. 
matter takes place, atxnit 0.8 kilo of nitrite being ncce» 
The dyestuff is then salted out with sodium and ainc chtot 
Example 2. Tlie oxidation of 5 kilos of tetrant* 
diaminoxanthene dissolved in 4 kilos of concentrated It 3 
chloric acid, 4 kilos of ^ per cent acetic acid and ants 1 
of water is effected by adding an aqueous auspensi** 
about 4 kilos of lead peroxide, the lead in solution * 
moved by addition of sodium sulpliate solution an** 
dyestuff salted out with sodium and anc chlorides. 

Example 3. 10 kilos of tetraethyldiaminoxanthet** 
dlMoival in about 200 litres of dilute sulpisiiric aetd C* 
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20 per cent) and treated with 30 kilos of ferric chloride 
solution of s. g. 1. 14. The mixture is then heated for some 
time on the water-bath until dyestuff formation is complete, 
the solution allowed to cool, the dyestuff filtered off and 
• purified by recrystallisation. , \ 

The dye prepared from diethyl -m- aminophenol gives 
bluer shades than the ordinary pyronine, 

Pyronine G (Leonhardt, Siavoz et Boasson, Bayer) is 
soluble in water and alcohol with red colour and yellow 
fluorescence. (Absorption, A = 548.3 and 509.6.) Hydro- 
chloric acid gives a bright orange solution, concentrated 
sulphuric acid a reddish yellow solution becoming red on 
dilution. Caustic soda gives a pale red precipitate, soluble 
in alcohol or acetone with red colour and yellow fluores- 
cence, the benzene solution does not fluoresce. Cotton (tannin 
and antimony mordant), silk and wool are dyed carmine red, 
moderately fast to light and soap. 

Pyronine has formed the subject of scientific investiga- 
tions, R, Meyer and P. Koch {Ber., 1894, 27, 2896) refer to it 
briefly and J. Biehringer (Ber,, 1894, 27, 3301 ; /. pr. 
Chem., 1896, n, 54, 217) at greater length. The latter 
author finds that tetramethyldiaminodihydroxydiphenyl- 
methane melts at 178 ^ tetramethyldiaminoxanthene at 116 
Biehringer also synthesised the compound {loc, cit,^ 240) 
starting with tetramethyldiaminodiphenylmethane which was 
dinitrated in the ortho positions to the methane carbon atom. 
The nitro-groups were reduced to amino-groups which were 
in turn replaced by hydroxyl. After closing the ring and 
oxidising the resulting xanthene derivative, Pyronine G was 
obtained. Incidentally this shows that the ^‘Rose’Vof Gerber 
and Co. (D. R. P. 60 505/1889) is identical with Pytomm- 

By the alkaline oxidation of P3nronine G with ferricyanide 
(loc. cit^ 2$$) Biehringer obtained tetramethyldiaminoxanth- 
one, m. p. 240 243 ^ This compound dissolves in adds with 
yellow colour and beautiful green fluorescence. 

Biehringer has also described the condensation of diethyl- 
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w-aminophenol with formaldehyde and the preparation of 
the corresponding tetraethylpyronine. 

As mentioned above, A. Gerber and Co. of Basel 
(D. R. P. 60505/1889) obtained dyes known as ^‘Rose” and 
^^Kasan Red’' identical with Pyronine G. The process fol- 
lowed was to start with tetramethyldiaminodiphenylmethane 
which is obtained by the action of formaldehyde on dimethyl- 
aniline and then carry out the series of reactions indicated 
by the scheme 



NHj^NR, RsNjQoH HOQjNR, 

o ° o’ 



R = alkyl, X = acid radide. 


10 kilos of tetramethyldiaminodiphenylmethane dissolved 
in 200 kilos of concentrated sulphuric acid are nitrated at 
o ^ (5 ^ ati the highest) by a mixture of 9.5 kilos oS nitric acid 
(53 cent) and 10 kilos of concentrated sulphuric acid. 
After standing some hours the solution is poured into 1000 
litres of ice water and the solution directly reduced with 
40 kilos of zinc dust. After reduction, the solution is filtered, 
cooled to 5 — 10® by addition of ice and diazotised by 57 kilos 
of sodium nitrite in loo litres of water; the diazonium 
compound loses nitrogen in the cold with much foaming. 

To produce the dyestuff, 50 kilos of 30 per cent ferric 
chloride solution are added and the temperature gradually 
raised to boiling; the deep cherry red solution is then salted 
out as the zinc chloride double salt by the addition of 200 
kilos of sodium chloride. The precipitate may be purified by 
crystallisation. 

Acridine Red. By oxidation of Pyronine G with potas- 
sium permanganate, two methyl groups are apparently re- 
moved and a dye is produced which was marketed aa ^^Acri- 
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dine Red’' B, BB, 3 B ; the constitution appears to be re- 
presented by 

O 

NH(CH,)Q/NQ : NH,(CH,)a 

The commercial dye forms a brown powder soluble in 
water with a red colour and dyeing cotton (tannin and 
antimony mordant) rose red, fast to washing and moderately 
fast to light. 

The patents (Brit. P. 1231/1892; U. S. P. 489623 of Ben- 
der and Kammerer; F. P. 219023; D. R. P. 65282/1892) 
dealing with the preparation of the so called acridine red 
claim that the bluish red colouring matters obtained from 
dialkyl - m - aminophenols (phthaleins, succineins, benzeins, 
pyronines) are converted into yellower dyestuffs by oxidation. 

Example. 8 kilos of succinrhodamine are dissolved in 
400 litres of water and 50 litres of acetic acid and 4 kilos of 
permanganate in 100 litres of water added to the cold solu- 
tion with constant stirring. After standing some time the 
mixture is' boiled, filtered and the filtrate salted out with zinc 
chloride. 

A. Leonhardt and Co. (Brit. P. 12323/1893; D, R. P. 
75138/1893) oxidise the diaminoditolylmethane oxide ob- 
tained from aminocresol (CH^ : hTHg : OH = 1:2:4) with 
peroxides, bichromates or ferric chloride. Thus a solution of 
2.5 kilos of the| base in 70 litres! of per cent sulphuric acid 
is treated with 12 litres of ferric chloride solution (s.l g. 1.14), 
12 litres of zinc chloride solution (s. g. 1.45) and 25 litres of 
saturated brine. The mixture is frequently stirred at ordinary 
temperature, the colouring matter filtered off and purified by 
solution in hot water and salting out with sodium and zinc 
chlorides. 

Additional patents (Brit. P. 1414/1894; F. P. 200401; 
I>. R. P. 84955) describe the alkylation of the above men- 
tioned dyestuff, 2 kilos of the colour base being heated with 
25 litres of alcohol and 2 Idlest of ethyl bromide for 3 hours 
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at 130 — 140®. After cooling: and dilution with 200 litres of 
water, the alcohol is boiled off and the colouring matter 
salted out. The British and French patents further deal 
with the production of a dyestuff from ethylaminocresol 
(CH3 : NHC2H5 : OH = 1 : 2 : 4) and formaldehyde ; this forms 
the subject matter of a separate German patent, 84988/1895 
(additional to D. R. P. 58955). The oxidation of the dyestuff 
so obtained is dealt with in D. R. P. 86967/1895. 

Thiopyronines. J. R. Geigy and Co. (D. R. P. 65 739/ 
1892) found that the solution of sulphur sesquioxide in con- 
centrated sulphuric acid, which is obtained by dissolving 
flowers of sulphur in oleum, converts tetraalkyldiamino- 
diphenylmethanes into sulphur analogues of the pyronines. 

= 

s 

= 2 so, + 2 H,0 + ^>^0^ = 

A dye produced by such a process was introduced under 
the name of methylene redL 

According to the patent, 2 kilos of flowers of sulphur 
are dissolved in 20 kilos of fuming sulphuric acid (25 per 
cent anhydride), and 2 kilos of tetramethyldiaminodiphenyl- 
methane are stirred in at 30 — 35 ® ; the temperature must not 
be allowed to rise above this point. The* stirring is continued 
for 2 hours; the sulphuric acid solution is then poured into 
water, boiled, filtered from sulphur and salted out with 
sodium and zinc chlorides^ 

The green metallic, crystalline powder dissolves in water 
with red colour and brick red fluorescence. The solution in 
concentrated sulphuric acid is orange yellow; this colour 
turns to bluish red on dilution. Caustic soda decolourises the 
aqueous solution predpitatingf a reddish white flocculent pre- 
cipitate which redissolves on addition of add with intense 
bluish red colour. 

Dyestuffs prepared from chloral hydrate and dialkyl- 
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^^•~ 9 .TOinophenols have been described by the Badische Co.; 
tliese are stated to belong to the rhodamine group but may 
possibly be pyronines. (Brit. P. 15859/1894; F. P. 240216; 
C>- t^.P. 81 042/1894). According- to the patentees, chloral 
^^ 3 ^ citrate and metaaniinophenols react energetically with one 
iaiother giving ai mixture of blue, violet and! red dyestuffs as 
‘‘Veil as their leuco-compotinds, the mixture being very diffi- 
rialt to separate. It is, however, possible to operate in four 
^ta.g>es as follows. 

{a) Prepare a crystalline condensation product of equi- 
molecular quantities of the components, one moteculel of 
being split off. 

(b) Obtain the leuco-compound of a greenish blue dyestuff 
oondensing the first product with a second molecule of 

^'^~a.minophenol which may be the same as or different to 

used in operation (a). 

(c) Oxidise the leuco-compound to a greenish blue 
1 3^ e stuff. 

(d) Convert the greenish blue into a red dyestuff, this 
tiLSLyr be effected by allowing its aqueous solution to stand for 
lomc time in the cold, or more rapidly by warming. 

If a symmetrical dyestuff is desired, the first stages may 
combined, i molecular proportion of chloral hydrate being 
•onciensed with 2 molecular proportions of the dialkyl- 
w-aunninophenol, an excess being used for preference. 

The German patent is somewhat remarkable in that a 
mtti^r lengthy description of processes and properties is 
five an but no hint as to the constitution of the compounds 
►i>t3.ined. 

The condensation of chloral hydrate with resorcin has 
studied by H. Causse (BulLsoc, 1800^111, 3,^1} 
ijncl J* T, Hewitt and F. G4 Pope {Trans, chem, Soc,, 1896, dp, 
; 1897, 7X, 1084) but the results obtained throw little light 
iin tiluo course of the reactions described by the Badische Co. 
t iS' possible that the final product may be of the type 
■ ■ , ’17 
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Example l. i part of finely powdered chloral hydrate 
and 3 parts of powdered <!iethyl wj-aniinopheiiol are rnhlietl 
together; after incipient liquefaction the proiliict sets to a 
dry, nearly colourless mass. After about an hour, the powd 
ered mixture (it still contains excess of the aminophcnol) is 
warmed on plates or dishes for 3 hours at 40' 50*; the 
temperature is then gradually raised to 50* to («>” (3 hours) 
and then from 60" to 70” in the course of 6 hours. During 
the procc.s.s the mixture melts and then solidifies. 

The brittle mass is suspended in 5 times its weight of 
water, brought into solution hy cautious addition of dilute 
acid and dilute ferric chloride solution added to the cold 
solution with continuous stirring. The oxidation of theletico- 
base is complete when a filtered sample show.s no further 
dyestuff formation on addition of ferric chloride. If common 
salt is also added, the blue dye is salted otu as produced and 
its premature conversion into the ret! dye avoided; the 
precipitate is however tarry, but a soluble nitrate brings down 
the nitrate of the blue dye in a crystalline condition, 

If an aqueous sohifion of the easily soluble chloride be 
allowed to stand for ta hotirs until it has taken on a pure 
red shade, and on testing with sodium acetate ami shaking 
out with ether shows that the blue dye is absent, addition, of 
dilute nitric acid (until the red colour passes into bluish violet) 
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Example 2 , In this case the preparation of an iinHyin- 
metrical dye is described, one molecule of chloral hydrate 
being: condensed with one molecule of a dialkybw-ainiiio» 
filieiiol and tlM‘ resulting |iroduet, melted with a irndiHmle of 
a <iiffereiit ditilk}d»wi~aniinophe!iol 

The name of Rosamine has lieen applied aryl rleri* 
vatives of Itie pyroitines, e. g, to crimjuiiindH a! the type 



wdiere alkyl and phenyl or other aryl, 

Tlie first rosamines were prepared frotn resorcinheiixein 
(Meister, Lucius and Ifriining, D. R.R 51348/18%; R P. 
2CX1 347) by conversifiii into “resorcinbetueindilorid’* and 
acting on this coinpoimd with aniiiies ; tin* resulting dyestuffs 
were named “RosiiidainineH** Iw tlie patentees, ITorn the 
irirtfiCKj of preparation there can be no dotdU; lliat **rrHorcim. 
bciiieinchlorifr* is sifii{ily 3 : bshchloroa^^dnuivdxanthoruinii 
clilc>ricle, the pateiil jireicribiiig the following imah* of 
0pi»rtli0n* 

Equal wftghti of dry reiorcinbcnieiig C|g,lt|d,L** *trifl 
pliospfionii pentacliloride are intimately irtixetl and healed 
slowly to 100® and fiimily to 140 being kept at the liigfier 
trmiieratiirc isnlil no fiirllier reaction h fioticeahlc. The re- 
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hydrochloric acid, filtered and salted out with sodium and 
zinc chlorides. ^ 

Thus obtained, the dyestuff forms brown needles with 
a green metallic reflex; it is easily soluble in water and 
alcohol with red colour and yellowish red fluorescence. Wool 
and silk are dyed red from a feebly acid bath; on the latter 
fibre a yellow red fluorescence is observed. 

An additional patent (D. R. P. 52030/1889) claims the 
reaction between ‘Vesorcinbenzeinchlorid^^ and primary aro- 
matic amines; those mentioned are aniline, 0- and />-toluidines, 
xylidine and the naphthylamines. The rosindamines obtained 
in this way are sparingly soluble and give violet shades on 
silk. Both patents were allowed to lapse in 1890. 

The "‘Benzorhodaniines’' described by the Badische 
Anilin und Soda Fabrik (D. R. P, 56018/1889) are probably 
identical with the compounds produced from ‘Tesorcinbenzein- 
chlorid'' and amines or from benzaldehyde and dialkyl-w- 
aminophenols. 10 kilos of benzotrichloride and 15 kilos of 
diethyl-w-aminophenol are heated with' 20 kilos of toluene 
at water-bath temperature in an enamelled vessel, air being 
excluded as far^ as is practicable. 

CeH,.NR, 

QH5*CCl,+2C,H^(OH)(NR,) = 2HCl + HaO + CeHi-C<" >Q 

CeHeiNRaCI 

According to Friedlander (III, 168) the dyes are of little 
interest. 

A. Thauss and O. Schebler (D. R. P. 79 168/1893) re- 
placed the benzotrichloride of D. R. P. 56 018 by monocarb- 
oxylic acids which were condensed withdialky-w-aminophenols 
according to the equation 

C H • NR« 

R' • COOH + 2 C,H.(OH){NR,) + HX = 3 H ,0 -f R' -C<' ‘ So 

C.H,:NR,X 

The acids which can be employed are limited in number 
since it is essential that they should*, by themselves, be capable 
of withstanding the action of a condensing agent for several 
hours at 175 — 185®; obviously salicylic acid, gallic acid and 
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plienyfglycim* nninf Itc n JrcttMl. 'I'fH- reaction i:! claimed to 
differ from other ri'.'tcti<ms in which carboxylic aci<ls are also 
employed; tints when oxalic acid is used, it is the products 
of its decomposition which really matter. 

The aci<is which the, patentees found most suitable were 
acetic aci<l and its halogen suhstit tiled derivatives, suitstituted 
benzoic acids, especially those containing nitro and sul- 
phonic groups, and certain individual acids, e. g. phenylacetic. 
The proct*s.ses employed arc ilhi.stratctl by certain e.'camples. 

Example i. Dissolve 2 parts of diethyl iw aininophenol 
in 6 to 7 times its weight of concentrated sulphuric acid, adtl 
one part of tK-nitrobcnzoic acid and warm for 4 or 5 liours 
at 175—185*. 

Example 2. lieat 2 parts of ethyl salicylate, 3 parts of 
diethyl-wt-aminopltettol and 4 |Ktrts of zinc chloride with 
fretjuent stirring and exclusion of air for 5 hotir.s to 175 
to 185". 

Example 3. Dissolve 5 parts of diethyl wt-aininoplienol 
in 20 to 30 parts of concent rale<I sulphuric acirl, add i {>art 
of glacial acetic acitl and heat for 5 hours to 175-- {85*. 

The typirtd cojiflensatioti of benzaldehyde with dialkyl 
w -amiiiophcnols, whereby (new)* red dyestuffs arc jiroduced, 
is described by Hayer A Co. in D. R. I*. 62 574/ify<i>. Ilesiden 
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and finally raised gradually with stirring and access of air 
to 200". The red melt obtained in this way is .subsequently 
worked up. 

Example 2. 5 kilos of diniethyl-/' aminobenzaldeliyde, 

10 kilos of dimcthyl-JK-aniinophcnol and 40 kilos of concen 
Iratcd sulphuric acid art* heatedi for 2 to 3 hours to icxi" am! 
then for some time to 140 — 150" until a samj)le wlicii pouretl 
into water and treate<l with alcohol shows the tlesircd shade 
and fluorescence. 

Example 3. 9.1 kilos of monoethyi - >» - aniinophenol, 

to kilos of zinc chloride and 30 kilos of alcohol are liquefied 
and 5 kilos of /> nilrobcnzaUlehyde gradually adiied. After 
warming for one hour on the waterdiatli umler reflux and 
with continuou.s stirring, the alcohol is distilled off and either 
the zinc chloride is removed from the residue by digestion 
with water, or the melt is dis-solved in hydrochloric acid am! 
tlic. resulting leuco-hase precipitated by excess of alkali or 
of .soflinm acetate. The nitro leuco-base can he converted 
into the nitro-dyestuff by concentrated sulphuric acid. «>r this 
may be prefaced by reduction of the nitro-group so that ulti- 
mately an amino-substituted dyestuff is obtained. 

HulphmmM Itommi nest 

Introduction of suljihonic acitl groups into rosamines 
leads to the production of acid dyes : one may start by using 
components which already contain sulphonic group* or else 
one may prepare rosamines containing radicles such as henry! 
which are very readily sulphonatcd. 

By the action of benzaldehyde-e.suiphonic acid on dialkyf- 
m-aminophenols, J. R. Geigy «fe Co, (D. R. P. 90487/111^1 
obtained condensation products which after closing of the 
xanthene ring and oxidation gave rosamines of the type 
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The* i iK*nzal<!t'hyd<*-«.Milplinnic acid is prepared 

accorditifi t<t I). R. 1 ’. H8«j5i/r8</> af the saint* firm hy heat- 
inf' 20 kilns ai « chinrnhenzaldeliyde for H hours at to 
(frt! hath temperature, jiressure in autoelave H afino 
spheres) with a solution of sotliiim suljjhite made hy diluting 
50 litres of 40 per rent hisuiphite solution with 50 Hires of 
water and exactly neutralising with caustic soda. After 
renwval of any unalteretl chlorohenzaldhytle and o-chloro 
bciuoic acid the aldehytle-sulphonic acid is salttsl out as 
sodium salt hy addition of sodium sulpltatc. 

57 kilos of a to per cent solution of henzaldehyde u- 
sulphonic acid and 7 kilos of diethyl-w-aminoj>henol arc boiled 
for 8 hours tintler reflux, the .solution evaporated and the 
(piite dry residue jtowdered and heated to — 140* for one 
hour witli ,fo kilos of conceiitratcd sulphuric acid. The mass 
is then diluterl with 400 litres of water, boiled up, cooled, 
fdtereil and treated willi 18 kilos of 33 per cent ferric, chloride 
solution, Tbe mixture is then he.ited for 4 or 5 hours at 80 
to yo®. Much of the dye scpar.ites during the process, the 
remainder is salted out. Washing with hot, satur-ated sodium 
chloritlc solution remwes adhering iron salts, .and other 
impurities .are extr,actefl by boiling with ayueous ammoni.a. 

The residue crystallises from alcohol or acetic acid (the 
solutions arc bluish red and fluoresce yellow reel) as a crys- 
talline powder with green rt^flex; it is scarcely soliilde in 
water even when hot. Tfie compound dissolves in hydro- 
rlihuic acid and dilute .sulphuric acid with yellow red colour; 
this changes t«» bluish red on dilution. Wool and silk are 
fived from an acid solution in very clean bluish red shades 
which are stable to alkalies. 

Ibmiihyl in aminophenol give.s a similar dyestuff which 
is less soluble ; ll»e acid solution also dissociates ine»re readily. 

An alternative method may be used in preparing the dye, 
the siilpliolwnraldchyde and dicthyI »i-aminoph*fttol (both 
dry) being condensed hy sulphuric acid in which they are 
first heated for somr hours at 100* and finally at 130— *140 
Some years after the gT’antIng of G«igy'* patent, Meisier, 
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Lucius and Briining (D, R. R 205 758/i9c/t) liaiiiictl ilial 
dyestuffs prepared from m-arninophetiols and iH’iiziildefiydr - 
I 2:4-disuIphonic acid possess considerable advaiiiages uver 

I those made from l>en2aIdehyde'>2-su!i>hotiic acid Tliis is 

I cliiefly due to the greater sohil>ility in water and greater 

{ affinity for cotton so that they are very suitatiie fur iiiixeil 

I goods whilst the dye baths are also more completely 

I exhausted. 

f Example i. A dilute aqueous solution of 31 kilos of 

[ sodium benzaldehytle-2: ipclisulphonate and a sciliiliciii of 

1‘ 33 kilos of diethylofr^aininophenol feeldy acidiftec! with sub 

phitric acid are hoiled together under rellim until the »ej»ara.« 
tion of the tetracdliyldiafninoilihydrrixytrijilieiiyliuetliaiifdf- 
f sulphonic acid is ct>mplete. The acid is notable for its very 

rb sparing solubility in water; to close the pyroiie ring it is 

d: heated for a to 3 hotirs witli about 5 times its amoiitit of coiw 

V rentrated Hulpluiric acid above Ttie resulling leiico* 

(lisiilphonic acid is oxidised subsecfueiilly in dilute stilphtiric 
ach! solution by means of ferric chloride. 

?■ Example 2 resembles example 1 bin the diinelliyioii.- 

:i; aminopheno! is replaced by 30.2 kilos of inonoetliybo-aiiiiiio* 

1' /»-cres0l 

In a R. R 2294fifi/iyio (IL S. l\ 1 003 73B/191 1 of W. 
Emmerich) the process h extended to cover thr ronrfeii^a- 
tion of one tiiolectile each of a moiu^ ami a fli.alkylni 
aminophenol; tints e. g. 31 grams of sodium beii»ldehy«lr^ 
j disulphonate are fioiled in feebly acid soliilicni with 16.5 grams 

of diethyl-ifoaminopfienol and t$A grams of iiioitoelhylaiiiifKO 
^-cresol 

Acid dyestiiffi can f)e oblaincfl by iiilphoiitliott of 
benxylatcd rosaiiiinei prepared by the ccindeii-iiliofi of iro« 
matic tldehydes (e. g* benialdehyde and its i-monocllaro*,. 
a : 5-dichl0ro- and j^sulphoaJerivativei) %villi bcniyitlliyi^- 
tntthyb) w-aiiiiii0phenot (iadiicht Co., Brit. R 
U.S E 624877 of J. Schmid and H. Rey ; F. E 1 

PJLF. 97015/1:897). 

, Example 1. A folntion 0f.|4prti of icfiitldtliyiie 1 
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23 j»arts of ftliyllH'n/.y! w aitiinophenol in kk) parts of alcohol 
is l»oik’(l for 12 hours uinicr reflux with icx) parts of 10 per 
cent stiiphiiric acid. On coolinf;, tlie condensation product 
crystallises; it is purified by rccrystalUsation front alcohol. 

I part of the pure leuco-conipound ami 3 parts of con- 
cent ratetl stilphuric acid arc hcatecl for I'/s hours to t^o", 
ponred on to icc and the precipitate filtered off, pre.ssed and 
dissolvctl in .\o jtarts of water with addition of the ncees.sary 
amount of sttdium carbonate. The solution is oxidised at 
water-bath teniperature hy addition of a 10 per cent ferric 
cliloritle solution containiiif^ V, part of ferric chloride and 
i part of hydrocltloric acid. The colottring matter acid se- 
parates, it is dissolved in sodium carbonate solution, filtered 
and salted out. 

The dyestuf? dissolves in water with carmine re<l 
colour and yellow fluore.scence ; concentrated sulphuric acid 
f»ives a brownish yellow solution from wdiich dark red flocks 
separate on ciilution. Wool and silk are tlyed bluish red 
from an acid hath, the shades arc fast to acitl and alkali. 

Example 2. Dissolve 20.8 parts of sodium benzaldehyde- 
f« sulfdionate in 2fK> parts of to iter cent snlpliuric acid and 
add .jft parti t»f etfiylbenzyl - m ■ aminoplienol tlissolved in 
too parts of alcohol Warm for 10 to 12 hours on' the water- 
bath and |)r«icee«I as in example i. 

Example 3. 8,75 parts of dichlorobenzaldchyde (1:2:5) 
are dissolved in 50 parts of spirit and a solution of 23 parts 
of etlndltenzyl.wi-aminophetiol in tio parts of to per cent 
sulphuric acid added. After standing for to hours, the feuco- 
compound is filtered oflf and converted into the pyrone 
compound. 

Although the pyrone compound is easily soluble in dilute 
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ferric chloride being subsequently employed. This dyestuff 
gives much bluer shaded reds than the preceding dyes. 


Sacchareins 

The condensation of saccharin with resorcin and m- 
aminophenols leads to dyestuffs ' 


CeHa^OH 

c< >o 

^NH 


,CeH,-NR, 


c< >o 
/Oqh.^nr, 
qh/ ^nh 

Yo. 


having properties very similar to those possessed by fluores- 
cein and rhodamine (Soc. chim. des Usines du Rhone, Brit. PP. 
21 196 and 21 197/1896; F, P. 267442/1897; D. R. P. 100779/ 
1896). The preparations are described somewhat fully in the 
patents.' , 

Example i. 18 grams of saccharin, 22 grams! of resorcin 
and 2.2 grams of aluminium chloride are heated to 200 to 
220 The mass is at first mobile but thickens as the reaction 
proceeds becoming a thick paste after 7 hours. On cooling, 
this sets to a brittle mass which is powdered and extracted 
with cold, dilute sodium carbonate solution. From this solu- 
tion, acids precipitate the dyestuff. 

To prepare the saccharein in a state of purity, 10 grams 
of the crude material and 30 grams of acetic anhydride are 
boiled for one hour under reflux, allowed to cool and' poured 
into 100 parts of alcohol. The acetyl derivative separates as 
a faintly yellow, crystalline powder which is filtered, washed 
with alcohol, dissolved in glacial acetic acid and again pre- 
cipitated by alcohol; m. p. 286 ^ The acetyl derivative is 
hydrolysed by boiling with alcoholic potash, diluted with 
water and precipitated by acetic acid; after crystallisation 
from alcohol, the resorcin-saccharein is obtained with m. p. 
265—267®. It forms feebly reddish coloured leaflets, soluble 
in alkalies with yellow colour and green fluorescence. 

Example 2. 100 grams of diethyl-M-aminophenol and 
200 grams of saccharin are heated for 36 hours to about 
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pefroknnn are nearly colourless. On treatment with .sodium 
cthoxide and ethyl iodide, the saccharein }jives an ethyl de- 
rivative (ni. p. 220—222") 

C,n,-- N(C,lk), 

c< >o 

/\ C,h/N(C,H.), 

r,ii.< >N-c,ii, 


which is coloiar!es.s: the salts arc readily hydrolysed by boiling 
water. 

F. Sisley (Bull. soc. chim., 17,^21) claims that 

.several of the derivatives described by .Momict and Koetschet 
had been previously obtaineti liy himself in conjunction with 
Seyewetz or by I. Kemsen and A. Linn (Amer.Clmn. }., 1^9, 
ti,77). Concentrated snlphuric acid rctnoves the elements of 
ammonia from the sacchareins leaving substances itlentical 
with the "sulphureins" which result from the condensation 
of phenols with the chlorides of o-sulphobenzoic acid. 




C.H. 


r{ " "'o 

+H,0^NH,4- 

Yo, 

cci, ^ 

C,H.<Oo + 3 C,»dOH), - i HCl + ^ 

SO| 


C.H,; on 
V< >0 
C.H, Oil 

>f) 


As is evident from D. R.P. 90487, similar derivatives 
are fjbtaincd by condensing o- sulphobenialdehyde with 
dialkybw aminophenots and oxidising the resulting leueo. 
compounds. 

“Sulphone-fluorescein", C|,H„ 0 « 9 , has been examined by 
C C. Blackshear (Am^r. Chem. /„ 189a, 14, 455). Ammonium- 
n - sulphobenzoate, COOH •C,H4’SO,*ONH4, (15 grams), 
when heated with resorcin (lafranvi) to 170- 175* until water 
ceases to be evolved, gives ammonium dihydroxybenzoyl- 
benatencsulphonate, C,H*(OH), • CO * C,H4 • SC), • ON H*. 
When the acid is heated with ^mcentrated sulphuric acid at 


THE CONSTITUTION OP FLUORESCEIN chc. 269 


160 — 180^, it yields '"'sulphone-fluorescein’’ which after col-, 
lection and drying is dissolved in aqueous alkali and repre- 
cipitated by acid. 

Sulphone-fluorescein is also formed when either of the 
chlorides derived from o-sulphobenzoic acid, viz. — 




m. p. 79-79,5' 


or 


so, 

m. p. 21,5—22,5® 


is condensed with resorcin (I. Renisen and S. R. McKee, 
Amer.Chem.J,,ii(^, i8,yg4; compare Remsen, ibid., iSg^, 

I 7 > 309)- 

It seems to be impossible to preapare sulphone-fluores- 
cein by directly condensing o-sulphobenzoic acid with resor- 
cin. Some of the reactions of the compound exhibit peculiari- 
ties; thus with bromine, a dibromo-derivative is chiefly 
formed, whilst phosphorus pentachloride gives a tetrachloro- 
derivative which may be 


C.H/ 

^SO, Cl 

(J. White jun., Amer. Chem. 1896, 17, 545). 


CHAPTER XIIL 

THE CONSTITUTION OF FLUORESCEIN AND 
ANALOGOUS COMPOUNDS 

Fluorescein was discovered by A. von Baeyer in the 
course of his researches on the condensation of phthalic 
anhydride with various phenols 1871, 4, 457, 555»^S8). 

In the case of phenol itself, two compounds were formed, 
phenolphthalein in larger quantity, the so-called pfienol- 
phthaleinanhydride (fluoran) in smaller amount. The first 
of these resulted from a para condensation and the two 
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hydroxyl groups of the original phenol molecules were pre- 
scTved intact ; fluoran resulted from an ortho coridensatioii 
and subsequent closing of a pyrone ring; this is represented 
by tlie two c'*qimtions 

CO ""OvO"" 

QII.O J + 3 C, lit • OH « 11,0 + c 


cjixyc) 

CO 

oco 




The hehavHiur of phthalic anhydrhic towards resoreiji 
was also examined in 1871, one molecule of the former con- 
densing with two of the latter whilst two molecules of water 
were eliminated. In the light of the above equations, one 
draws the conclusion that the resorcin molecule.s arc substi- 
tuted most probably in position 4 (OH: OH ” i:^); substi- 
tution in position 2 is, however, a possibility. 

The relationship of phenolphthalein to phthalide was 
not recognised at the time, and in Baeyer’s first collective 
publication on the compounds formed from phthalic acid and 
phenols (AnmUm, 183, i), the following constitutions 
arc assigned to phenolphthalein (I), phenolphthalein an- 
hydride ( 11 ), hydrated fluorescein (III) and fluorescein (IV). 




COC,H*(OH) 

COC,H.(OH) 

I 


coqh/ 


C.H/ 


CD.C,H,(OH), 

COC,H,(OH), 

HI 


CO CJb-OH 

y> 

XOC,H,™OH 

IV 
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C = (QH,OH), 

c,H*<g>o 


was proved by Baeyer himself a few years later. 

Diphenylphthalide was discovered by Friedel and Crafts 
who obtained it by condensing phthalyl chloride with benzene 
in presence of aluminium chloride (Ann. chim. phys., 1884, 
VI, i", 523 ; this paper collects much earlier work, Friedel and 
Crafts having published their first notice of diphenylphthalide 
in 1877). Its constitution is proved by its degradation to 
triphenylmethane ; this was effected by Baeyer (Annalen, 1880, 

50) who reduced the compound' with alkali and zinc dust 
to a triphenylmethanecarboxylic acid which broke up into 
triphenylmethane and carbon dioxide on fusion with caustic 
baryta. 


CCL 


CeH,<()>0 + 2 C,H. 2 HCl + C,H.<>0 

CO 


C(C,H,), 


Co 

C(OH)(C,H.), 


CH(CA), 

C,h/ +2H = H,0 + CeH*< 

XOONa XOONa 

CHCC^H,), 

C,H/ +BaO--BaCO. + C,H5CH(CeH.),. 

XOOH 


Diphenylphthalide gives a mixture of two dinitro-deri- 
vatives when added to 10 times its weight of nitric acid of 
s. g. 1.5 (Baeyer, loc. cit., 66). When the mixture is reduced 
with tin and hydrochloric acid and the reduction product 
crystallised from hot alcohol, the so-called a-diaminodiphenyh 
phthalide separates first ; it forms the greater portion of the 
mixed bases, crystallises in thick plates and melts at 179 to 
180 ^ When this diamino-compound is treated with nitrous 
acid, the amino groups are replaced by hydroxyl and phenol- 
phthalein is produced. Since phenolphthalein is formed when 
phthalic anhydride is heated* with phenol, it is evident that, 
when diphenylphthalide is nitrated, one nitro group enters 
each phenyl group and that the phthalic residue remains un- 
attacked ; the relationships of the Gompounds mentioned must 
be represented by the scheme. 
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C=(C.H,), C=(CeH*-NO,). 

C,H,00 -¥ QH.<>0 -»■ 

CO CO 

C=(CeH*-NHi,)j C = (C8H.-0H), 

So far, no direct proof is given that the two hydroxyl 
groups of phenolphthalein stand in the para position to the 
grouping methane carbon atom; indirect evidence is fur- 
nished by the fact that ^-chlorophenol and /)-cresol simply 
give substances analogous to ^‘phenolphthalein anhydride’’ 
when condensed with phthalic anhydride. A direct proof of 
the structure is afforded by the fact that phenolphthalein 
yields p , />’- dihydroxybenzophenone when fused with caustic 
potash ' 


C==(CeH^-OH), 

CaH,<^0 + 3 KOH — CeHg * COOK + CO^CgH^ • OK)^ + « H,0 


The dihydroxybenzophenone thus obtained by Burck- 
hardt and Baeyer (Annalen, i& 8 o, ^02, 12 y) melted at 206® 
and was identified with the compound previously prepared 
by Staedel and Gail (Ber,, 1878, i/, 746), Caro and Graebe 
(ibid,, 1348) and Liebermann (ibid,, 1434). It was subse- 
quently prepared by the condensation of /^-hydroxybenzoic 
acid and phenol in presence of stannic chloride at 120 
(Amer. Chem, 1883, 5, 86). 

The way in which phthalic anhydride condenses with 
phenols having thus been elucidated, it is likely that in the 
case of resorcin, the reaction takes place as follows. 


CO 




Co 


Co 
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Substitution of a phenol usually takes place in the ortho- 
or para-position relatively to a hydroxyl group ; that this rule 
holds during the formation of fluorescein was not recognised 
immediately, the definite proof being much delayed. 

Emil Fischer (Annalen, 1876, 18^, 63) found that one\ 
molecule of phthalic anhydride condensed with two molecules 
of orcin yielding an orcin-phthalein, CgsHigOg, apparently 
homologous with fluorescein. The compound dissolves in 
dilute alkalies and ammonia with an, intense dark red colour 
but shows no fluorescence. 

Some years afterwards, E. Knecht {Annalen, 1883, 215, 
83) prepared an isomeride of orcin, viz, 2 : 4-dihydroxytoluene 
(“kresorcin”) which he condensed with phthalic anhydride 
to a compound also of the formula C22H10O5, resembling 
fluorescein completely. Now orcin is 3 : 5-*dihydroxytoluene, 
i. e. the two hydroxyl groups are not merely meta to one 
another, but are also both in the meta position with regard 
to the methyl, group, whilst in "'kresorcin^' the meta position 
is unoccupied. 

* 

H hoIJoh 

Kresorcin 

The conclusion was drawn that in order to produce a 
true fluorescein the position marked with an asterisk must 
be unsubstituted, i. e. that the phthalic anhydride attacks 
resorcin meta to its hydroxyl groups and fluorescein possesses 
the constitution. 


oOo 

Orcin 



This view seems to have been generally adqpted except 
by Richard Meyer {Ber,, 1888, 21, 3376) who thought that an 
ortho-pararcondensation was far more probable. Taking the 
accumulated evidence regarding the directive influence of 
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hydroxyl and amino groups on fiirtlier stib.stitiitioii* fie was 
of opinion that phthalic anhydride attacks phenol cliiefly in 
the para-position, the resulting phenolphthalcin being 
clihydroxydiphenylphthalide as Ilaeyer liacl already stniwii 
(/bnm/m, 1880, 43, 126). In a lesser degree, plieiiol 

attacked in the ortho-position, the a,r/-diliydroxyclip!ieiiyl«^^ 
phtimlide losing water as represented above; in other w^orcls, 
phenolphthalcin does not form an anliydride, ariil Meyer used 
the name fhwran for the compound described by Ikieyer as 
**phenolphthaIeinanhydri(r\ The view was definitely ex^ 
pressed that fluorescein results from l!ie pfilhalie aiifiydridt* 
attacking both molecules of resorcin in priiilioii 4, so tiint 
fluorescein is a dihydroxy fliioran of the coriititiilioii (I) 

0 

1 

though the jHJssibilitics i»f structures II and HI nni'-t also hr 
reckoned with. 

For a complete elucidation of the relationsliijn, it is 
necessary to prove the following point.s, 

t. '‘Phenolphthalein anhydrule” possesses the constitu. 
tion of fluoran. 

II. Ouoran can be obtained from fltioreitcein or, alter- 
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phthalein anhydride’^as such or as the reduction product) 
yielded xanthone and benzene on distillatibh with lime. 

The reaction is easily explained; decomposition at a 
high temperature gives rise to a certain amount of water 
which in presence of the lime effects fission of the' fluoran in 
the following sense. 




The benzoic acid then undergoes the usual decomposition 
into benzene and carbon dioxide in presence of an excess 
of lime. j • 1 

That ‘'phenolphthalein anhydride’", or fluoran as it should 
now be called, is the parent substance from which fluorescein 
is derived had been proved shortly before by Meyer and 
Hoffmeyer 1892,^5, 1385). Fluorescein may be readily 

converted into “fluorescein chloride” (Baeyer, Annalen, 1880, 
202, 350) by the action of phosphorus pentachloride according 
to the equation 

+ 2 PCls = 2 POCI3 +: 2 HCl + QoH.oO^Cl, 
but neither Baeyer nor Meyer and Hoffmeyer were able to 
eliminate the chlorine| by reduction. The latter authors found, 
however, that if fluorescein were treated with phosphorus 
pentabromide, the two hydroxyl groups! as well as a hydrogen 
atom were replaced by bromine and a compound of the 
formula QoHoOaBr^ produced, replacement of hydrogen 
being probably due to the dissociation of the phosphorus 
pentabromide into tribromide and bromine. By prolonged 
reduction of this compound with alkali andi zinc dust in alco- 
holic solution, the three bromine atoms were replaced by 
hydrogen, two further hydrogen atoms added and, on acidi- 
fication,. an acid was isolated identical with the substance 
obtained by Baeyer by the reduction of phenolphthalein an- 
hydride and which he called phenolphthalin anhydride. Meyer 
refers to the substance as ‘‘Hydrofluoransaure” ; its consti- 
tution is evidently that of o-carboxyphenylxanthene which 
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may be easily oxidised back to fluoran, the lactone of 0- 
carboxyphenylxanthenol. 




Thus fluorescein is a dihydroxy derivative of fluoran and 
it remains to decide which of the three constitutions given 
on page 274 represents correctly the orientation of the 
hydroxyl groups. Meyer was strongly in favour of formula I ; 
a publication by Grabe (JBer., 1895, 28, 28) apparently made 
this view improbable. Baeyer had found that fluorescein 
splits off one molecule of resorcin when fused with potash 
yielding a dihydroxybenzoylbenzoic acid 


■OH 



+ 2 H.O - C,H,(OH), + 


.CO.CeH3(OH), 

COOH 


If fluorescein has the constitution represented by 
Formula I, the dihydroxybenzoylbenzoic acid must possess 
the structure 


C,H,< 


HO 

,CO— C^OH 
COOH 


Such a compound might be expected to lose water when 
acted on by sulphuric acid; this reaction was not realised 
and Grabe drew the conclusion that the constitution of the 


acid had to be represented* by the alternative structure 

HO 

co-<~> 

COOH 
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This would necessitate the constitution IT or III for 
fluorescein itself ; of these, Grabe preferred the more 53/111- 
metrical formula. 

The fallacy of the conclusion was proved shortly after- 
wards by Heller (Ber.y 1895, 28, 312). If the dihydroxybenzoyl- 
benzoic acid is brominated, a dibromo-derivative is obtained 
which may be readily condensed by two hours heating on 
the water-bath with 8 times its weight of 20 per cent fuming 
sulphuric acid to dibromoxanthopurpurin. 


OH CO OH 

Cfe,OH“0oH - + CCOoH 

Br CO Br 

Hence it follows that in the fluorescein from ivhich the 
dihydroxybenzoylbenzoic acid is obtained, of the two hydr- 
oxyl groups, one at least must be in the para position with 
regard to the grouping methane carbon atom. 


O 


QH,(OH)<r ''AoH 


C,H*< 


< 2 ? 


= CeH,(OH)3 + CeH,< 


HO 

co-<3)>oh 

COOH 


Grabe’s unsuccessful attempt to obtain xanthopurpurin 
directly from the dihydroxybenzoylbenzoic acid must be at- 
tributed to sulphonation of the dihydroxyphenyl group. Hel- 
ler’s result does not definitely prove that^the other hydroxyl 
group is in the para position ; the desired result was obtained 
shortly afterwards by R. Meyer and H, Meyer (Ber,, 1896, 
2p, 2623). By heating, the dibromodihydroxybenzoylbenzoic 
acid referred to above with one-fifth of its weight of zinc 
chloride for 20 minutes to 235-240 ^ in a current of hydrogen, 
tetrabromofluorescein was produced, identical in all respects 
with eosine obtained by the direct bromination of fluorescein. 
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All doubt as to fluorescein being produced by an, ortlio- 
para-condensation with regard to both of the molecules of 
resorcin is set aside. As to the constitution of fluorescein, 
the only question left to consider is whether the compound 
is actually dihydroxyfluoran (I) or possesses a tautomeric 
quinonoid structure (II) 


O O 



I 

QH,‘COOH 
I II 

This question is referred to later (p. 280) ; fluorescein fur- 
nishes derivatives of both types and at present we shall 
simply look upon it as 3 : 6-dihydroxyfluoran.^) 



General Reactions and Taiitomerism of Fluorescein 

I. Hydration. The precipitate obtained on acidifying ati 
alkaline solution of fluorescein is yellow and' flocculent; this 
passes into a yellowish red, fine crystalline powder. Analysis 
agrees with the formula C20H12O5, H2O whereas fluorescein 
recrystallised from alcohol and dried at 130^ has a composi- 
tion corresponding with C20H12O5. 

Solutions of the two forms in alkali show no difference ; 
possibly the hydrated form is to be represented by struc- 

I’* It is regrettable that numbering in the acridine and xanthene 
series should not correspond. Thus the compound obtained by the 
action of ammonia on 3:6-dihydroxyfluoran is 2:8-diamino-S-o-car- 
boxyphenylacridine. 


xo 

O N 
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ture I ; there is 110 reason to suppose the pyrone ring has 
been opened as in structure II. 



C.H,< CeH.Oo 

COOH CO 

I II 


We shall see later that fluoresceins produced from halo- 
genated phthalic acids form very stable hydrates which only 
lose the molecule of water on heating to 100^ or an even 
higher temperature, whilst cases occur where two forms of 
hydrates of substituted fluoresceins, have been obtained. 

2. Acylation. The hydroxyl groups of fluorescein may 
be esterified, the methods usual in the case of phenolic 
compounds being employed. Thus acetic anhydride, benzoyl 
chloride and phosphorus pentachloride produce diacetyl- 
fluorescein, dibenzoylfluorescein and 3 : 6-dichlorofluoran re- 
spectively ; these substances are colourless and derived from 
the phenolic (non-quinonoid) form of fluorescein.; 

3. Alkylation. One or two alkyl groups may be substi- 
tuted for hydrogen; in the latter case two isomerides are 
known, a coloured ether-ester and a colourless dialkyl ether. 



C.H^'COOCaHg 



4. Ammonia, Amines &c. The exhaustive action of am- 

monia on fluorescein ends in the production of 2 : 8-diamino- 
S-o-carboxyphenylacridine. Aniline gives rise to an anilide, 
hydroxylamine to a so-called oxime; reference is made to 
these compounds below. « 

5. Acids- In addition to its weakly acidic properties, 
fluorescein is also capable of forming salts with acids ; these 
are generally considered to be of oxonium type. 


2 8o SYNTHETIC COLOURING MA TIERS 

6. Substitution, Positions 2, 4, 5 and 7 are those which 


O 



are most readily attacked by substituting agents such as 
bromine or nitric acid. Thus bromine reacts with fluorescein 
to give di- or tetra-bromo-derivatives (Baeyer, Annalen, 1876, 
36; the existence of a monobromofluorescein is also 
mentioned) whilst nitric acid gives either di- or tetranitro- 
fiuorescein (Baeyer, loc, cit, 29), or perhaps pentanitrofluor- 
escein (Bogert and Wright, J.Amer.Chem.Soc,, 1905,27, 
1310). 

In the case of nitration, L. Matras showed that positions 
4 and 5 were first substituted, for the alkaline fission of 
dinitrofluorescein results in the formation of 2-nitroresorcein 
{Chem. Zeit,, 1895, ip, 408; Arch,Sci. phys.nat,, 1895, iii, JJ, 
285). Hewitt and Woodforde (Trans.Chem.Soc.,igo2^8i, 
893) proved that bromine first attacks positions 4 and 5, for 
nitration of dibromofluorescein yields a different compound 
to that produced by brominating dinitrofluorescein. 4 : 5-Di- 
bromo-2 : 7-dinitrofluorescein is not only formed by the action 
of nitric acid on dibromofluorescein but also by the action of 
bromine on tetranitrofluorescein. 

Fluorescein derivatives substituted in the phthalic re- 
sidue are made by condensing the corresponding substituted 
phthalic anhydrides with resorcin. 

Tautomerkm of Fluorescein, 

A. Bernthsen {Chem. Zeii,^ 1892, J( 5 , 1956 ; see also 
Dehnst, ibid,, 1893, 17,654) seems to have been the first to 
draw attention to the possibility of tautomeric change in the 
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fluorescein series ; he assigned a qiiinonoid structure to the 
alkaline salts whilst fluorescein itself was apparently regarded 
as having the constitution of a true dihydro xyfluo ran. 

Not long afterwards, P. Friedlander (Ber., 1893,2(5, 172) 
came to the conclusion that the colourless phenolphthalein 
possesses the constitution of '-dihydroxy diphenylphthalide 
assigned to it by Baeyer, whilst the coloured alkali salts are 
derived from a tautomeric quinonoid form. 



Phenolphthalein 


Alkaline solution 


O. Fischer and E. Hepp 1893, 2 ( 5 , 2236) took the 

question a step further, showing that fluorescein and' aniline 
give a colourless anilide, soluble in alkalies with green fluores- 
cence. The reaction probably follows the course 

O O 

HO-C,H,0QH, OH HOC,H,Oc,H3.0H 

(• +C.H,NH,= H,0+ C 

for the substance readily gives a very stable, colourless 
dimethyl ether which only exhibits fluorescence when dis- 
solved in concentrated sulphuric acid, 

Fischer and Hepp came to the conclusion that the col- 
oured derivatives of fluorescein, as well as fluorescein itself, 
are of quinonoid structure; the colourless derivatives have 
structures derived from the oldi formula for fluorescein which 
should correspond with a colourless compound. 

About a year later, Fischer and Hepp (Ber.^ 1894, -?7, 
2790) returned to the study of the dimethyl ether of fluores- 
cein anilide and found that by heating with glacial acetic and 
sulphuric acids under pressure, the aniline was split off ; from 
the residue they recovered a colourless dimethyl ether of 
fluorescein of m. p. 198^. 
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At tile smne time the ethylation of fluorescein anilide 
was described; the resulting ether melted at 162—164^* ancl 
on removal of aniline gave a colourfess <lietliy! ether iif 
fluorescein <*f imp. i8i“i82‘h Baeyer 1876. 17) 

had previously described a diethyl ether of fluorescein as 
forming bright yedlow ta!)les; no melting fKiint was given the 
quantity obtained being extremely small 

In order to ol)tain tincloiilded carlioxylic esti*rs of fliior 
escein, Niets^^ki and Schroter (Her,, i8r;5, JM44) endeavoured 
unsuccessfully to esterify fluorescein with alcohol and sulpio 
uric or hydrodiloric acid, loiiling in this, tliey reduced fliior. 
escein to fluorescin and alkylated this directly with alcohol 
and hytlrochloric acid; this n‘aii.ioii had been carried out, 
previously In* lierrig (Mrmnisfh, /j, 422). The ethyl ester 
of fluoreHcin (rn. \k when oxidised by ferricyanide in 

alkaline solution gave fliiorcseein ethyl ester of in. p„ 247^; 
treated with bromine it fiirnishecl ilie ethyl ester of cosine 
which is also known as the dyeitnff Bryihrim. 

Baeyerit inonoethylfluorescein (for. rfl, 15). ohtained by 
the action of ethyl bromide on the potassium salt of fliiores^. 
cciiii melted at 1 55— 156*1 The steps in Nietzki ami Schnl 
ter*s preparation of fluorescein carlioKvIir ester arc repre« 
icnted by flic following scheme 


OH/ 


OH 


jiJii >0 

C.H.c 

^COOH 


CO 


c»n^-~ou 


/'K . „ >«„ 

, .. s/ , >' 


“♦ f.H/ 

COOC.H, 

COOC.H, 

m p. ip6* 

m, p.347* 


By acting on the ester with sotliutn ethoxiiic ami ctliyl 


ormula I. 
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CO<>C,H* 




I m. p, 159® 


coou 
n m, p. 251® 


?c 


,c:.n,. on 


/ 


>0 


y\ C.H/ OC,H, 
C.H,< >0 

Vo 

m 


or 


It will hr at once apparent that it differs radically in 
jiroperties from the rlictliyl ether of Fischer and Ilepp ; this 
ilifference is emphasised by the fact tijat it readily undergoes 
alkaline hydndysis losing the ethyl group attached to carb- 
oxyl ajid giving a inonocthyl ether which crystallises in 
yellow rhombic leaflets ami melts at 251 •*; the constitution of 
this conipuund must be represented by one of the formulae 
II or III. 

There is some discrepancy between the results given by 
Baeyer and those obtained by Nietzki and Schrdter; the 
latter (hr, rii., 49) therefore re-examined the reaction between 
ethyl bromide and the potassium salt of fluorescein. After 
removing the excess of ethyl bromide, the reaction product 
was shaken with sodium carbonate solution and ether; the 
latter solvent dissolvtxl the two diethyl derivatives, from the. 
sodium carbonate solution the two monoethyl conipound.s 
were precipitated by carbon dioxide, whilst unattacked fluor- 
escein remained in .solution. By partial crystallisation from 
alcohol, colourless diethyl fluorescein ether was separated 
from the istmieride, the latter being identified by bromination 
to erythrine. The melting point of the colourless ether was 
found to be iBj*. whilst Fischer and Hepp gave 181-182® 
for the substance obtained by the fission of the diethyl ether 
of fluorescein anilide. It is thus seen that fluorescein gives 
the following ethyl derivatives. 

Monoethyl ether (Hydroxyl derivative) m. p. 251“ 

Monoethyl ester (Carboxyl derivative) m. p. 247® 


2B4 
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Diftfiyl vihvr ( I )iethoxytltir>ran) in. fi. 

Mihyl cthcrethyl ester tytiiiunioicli imp. 151)^* 

liaeyrr’s mnnoethylflnoresrein (ni. p. 156^) lias ta lie 
reconciled with this scheme; it proved to be really tlie col^ 
otired (|iiinonoid diethyl derivative, llie analytical diflerinirf^ 
between inono- and di-ethyl rlerivativi^s is small, and it is 
scarcely surprising* that in 1876. when the possibility of iso- 
meric rlerivatives was not suspected, fiaeyer should have 
taken one of f!ie two diethyl tlerivative-s for a nionoethyl 
ether of fluorescein. 

The researcdu'‘s of A. Cl. tlreen and P. King (/Icr., if//!, 
op7, ./o, 3724 ; ./r, 3434) on the hehaviotir of 

c'|iiinolj>htIiaIeiu towards esterifying agents have thrown iiiuch 
light on the function of the lactone ring in lluoraii derivatives, 
Quiriolfditlialfin was first oblatnerl by Grtntrn (Her,, ^873, 
d, 507) wfio condensed two molecules of cpiinol walh one of 
phflialic anhydritle in presence of sulphuric acid at 130 to 
140^. Ekstraiid {Bcr., 187E, ^1,714) effected the condensation 
by means of stannic chloride and the study of the substance 
was resumed at a later date by R. arui IT 'Meyer (Ber,, 1 ^)$. 

3 f| 59 ) in connection with the c|uestion cd the r|uinoiioid 
ilrucliire of phthaleins generally which, as we have seen 
above, reedve^d considerable attention iihoiit that date. The 
aiiiiniption of f|iiinonoic! stnicliire for llte alkaline salts had 
beconie fairly general in tfie case of {ilienolpliilialeinam! fluor- 
escein; the position of the hydroxyl grcitips para to the 
grouping carlion atom renders this form of taiitonirrism c|iiiie 
possible, Bui in i|iiiiiolphthateiii (III), ifir hydroxy! groups 
fiiitst be tneta to this carbon atoin unil rearrangrinriit of 
linkages stidi mb m rntpimned to like place when plirnob 
phtlialfln (I) is converted into a monopotasiluiii salt ( 11 ) is 
itiijioiiible, ^ 
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though, as we have seen already, fluorescein, which is iso- 
meric with quinolphthalein, gives rise to two sets of deri- 
vatives. 

Now quinolphthalein resembles phenolphtlialein in giving 
a violet solution in alkalies although the compound itself is 
colourless. The possibility of quinolphthalein having a 
structure 


\ 




•0 


O 

QH^COOK 


with hydroxyl groups ortho to the grouping carbon atom 
and so being capable of furnishing quinonoid salts, may be 
put entirely on one side since Meyer and Friedland (Ber., 
1898, 51, 1739) obtained it from fluoran by successive nitra- 
tion, reduction and diazotisation. 


o o o o 



Another explanation must consequently be found for 
the violet colour of the alkaline solutions of quinolphthalein. 
R. Meyer and Spengler (Ber., 1903, 36, 2950) turned to Ost- 
wald's theory of indicators and attributed the colour change 
to ionisation alone. “Die freien, farblosen Phthaleine ent- 
hielten hiernach die unveranderten Molekeln, wahrend die 
Farbe ihrer Alkalilosungen den bei der Salzbildun^ auf- 
tretenden lonen zuzuschreiben ware.^' 

Meyer and Spengler practically reject the idea of tauto- 
meric change for the phthaleins generally. Shortly after the 
appearance of their paper, A. G. Green and A. G. Perkin 
(Trans, Chem.Soc., 1904, 83, 398) brought forward evidence to 
show that in the case of phenolphthalein the colour change 
produced on addition of alkali was due to transition from 
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tlie lactoiioifl to the qninonoid configuration, whilst the cle- 
coloiirisation [produced by excess of alkali was due to acldition 
of the elements of alkaline hydrcjxide with production of a 
non-qninonoid salt containing more than one atom of alkali 
metal. 

KO/N (or OK) 

OH 

COOK 

Quinolphthalein was also examincul in respect to its 
behaviour with one and more equivalents of alkali; it re- 
sembled plienolphthalein so closely that Ckeen and Perkin 
assignef! to its rnonopolassinm salt m orth0C|tiiii0n0id struc- 
ture involving a f|iiadrivalent oxygen atom, in the pyrorte ring 

HoOyC^ 

^'•*^*CoOK 

Meyer and Spengler (Her., k^jS, jH, 1318) took exception 
to Green and Perkin’s fonnulatioii of quinolphthalein sails 
and showed moreover that an excess of either tpunol- or 
phenol-pbthak'in when treated with a solution of caustic 
soda yields a solutioji in which only one molecule of the 
phthalein has been tlissolved for every two molecules of 
alkali. j 1 

This led to the work on the esterification of phthaleins 
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CeH,.COOCH, CeH.COOH 


I II 


A corresponding hydrochloride of quinolphthalein was 
prepared by leading a streami of hydrogen chloride into its 
solution in warm glacial acetic acid. The salt (II) separated 
in glittering red crystals on cdoling ; in contact with water it 
is instantly decomposed with regeneration of quinolphthalein, 
whilst the ester of formula I is somewhat soluble in water 
with a reddish orange shade and is only slowly hydrolysed 
on boiling. 

Phenolphthalein was also found to be capable of fur- 
nishing a coloured methyl ester (Joe, cit., 2369) which had a 
great tendency to hydrolyse ; its method of preparation was 
subsequently improved (Ber., igoy,40,2,726) and! the com- 
pound isolated in a pure condition as orange coloured, prism- 
atic needles (III). 

QH^*COOCH, 

III 



By esterification of the lactonoid monomethyl ether of 
phenolphthalein with methyl alcohol and hydrochloric acid 
gas, a monomethylphenolphthalein methyl ester (IV above) 
was obtained ; this is orange red in colour and isomeric with 
the colourless dimethyl ether (dimethoxydiphenylphthalide) 
usually obtained by direct methylation of phenolphthalein 
with alkali and methyl iodide. 

Green and King (Joe, cii., 3730) also prepared some re- 
markable derivatives of quinolphthalein, starting out with 
the lactonoid mono- and dimethyl ethers of quinolphthalein 



srSTHhlW COLiHJHlNa MAfTKim 




wl'jich Wi‘re already known (R, Meyir :md Sjieiiglrr, Ber., 
Thus the inononiethyl etfier gave a lijtlro - 
chhifide and a methyl ester chloride (I and II helow) €or^« 
re.spomling: with the conipounds o!>taiiit*ci previously from 
quinulidithalein itself, whilst tlie dimethyl etlier funiisliril an 
ester chloride (III) in a simitar manner. 


HO' 


Cl 

6 


Cl 

6 



vai. 


I 


H<y 


t: 

QH*-c:oocii« 

ii 


ClhC)\ 


Cl 

Cl 


^OCH, 


III 


11ie last al these coinpoiiiKli was isolated as an orange 
red, double j^iiic salt, aC,,li,,,OCl(OCH,),(COOCHg),2:na*, 
whid'j dissolved readily in water giving a fairly stable orange 
solution from which alkalies precipitated the colotirkss «!i“ 
rnetliykiiiinolphthaknn ether. 

Green and King eventually extended their esterification 
methofli to fliioran itself as well as to 2: y^liinelhylfUioran 
and ■ 3 : 7 -dichkiroflu 0 ran, the respective |>rodiietH obtained by 
condensinf plitbalk anhydfi<le with p-cremd and /^-chloro^* 
phenol {Bcr., 1908, 3434). Tlie oxoniiini coiripoimdi were 

isolated as yellow staiinichlorides whose aqueous solutions 
decoinpose ioniewhat readily with separation of the jjarerit 
fiuoririi. As an eicaniple, the foriinila 


o'p 

c,Ht> cooat, 


S«CL 


VI* 


may be given as reprcaciiting the salt isolated from fluoran 
itself. 

Respecting the cedoured salts produced by tiie action of 
alltaiies on ^idnolphthalein, Gr«»n (/. Sat . Vhem. InU., tgoif, 
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28 j 640) inclines to the view that their structures are ortho- 
quinonoid, the liiihag'es oscillating between the two quinol 
residues. 



QH, . COONa QH, - COONa 

At the same tim^ he does not entirely reject the pos- 
sibility that they may have a metaquinonoid constitution, 
which, however, he thinksi is less probable. 

Somewhat similar views have been suggested by W. 
Kropp and: H. Decker {Ber., 1909, 4.2, 578), fluorescein and 
quinolphthalein being both regarded as possessing ortho- 
quinonoid betaine constitutions. Salts of toluquinolphthalein 
and its ethers have been described by F. Kehrmann and R. 
Silzer; they exhibit very similar properties {Annalen, 1910, 
373 > 355 )- 


CHAPTER XrV 

FLUORESCEIN AND RELATED DYESTUFFS 
The condensation of phthalic .anhydride with resorcin 
gSves fluorescein as chief product; this holds whether the two 
substances are simply heated together until the reaction is 
completed as far as possible or whether a cond*ensing agent 
is also employed.* 1 


1 It should be bept in mind that phenols are capable of con- 
densing in various ways with phthalic anhydride; thus in the case of 
phenol itself it has been pointed out that both para and ortho con- 
densations occour simultaneoasly, and phenolphthalein^ the chief 
product of the reaction, is always accompanied by smaller amounts 
of fluaran or phenolphthalein anhydride. 

The following chart is taken from a paper by Copisaroyfi (Trans. 

Hewia, *9 
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Fluorescein was discovered by A. von Baeyer {Ber,, 1871, 
4 > 558, 662) and soon attracted considerable attention on 
account of the beautiful fluorescence of its alkaline solutions 
as well as by its eimployment as a yellow dyestuff. In the 
autumn of 1871, Baeyer handed a specimen of fluorescein to 
Caro of the Badische Anilin und Soda Fabrik and received 
news from him a few days afterwards that he had discovered 
a beautiful dyestuff by brominating- the compound. Baeyer 
suggested to Emil Fischer the desirability of examining 
fluorescein more fully and as a result the diacetyl and di- 
benzoyl derivatives, the chloride and the sulphate were pre- 
pared and described {Ber., 1874, 7, I2ir ; Dissertation, Strass- 
burg, 1874). 

Meanwhile, Caro undertook the task of preparing the 
necessary intermediates on a technical scale and discovered 
the method of purifying tetrabromofluorescein by means of 
its potassium salt, so that by the summer of 1874, the Badische 


Chem. Soc., 1920, 209); it shows the substances v/hich may be 

obtained by condensation of phthalic anhydride with phenol 

OH OH 


CO OH 


0cO,H 0 
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HoCr™ 
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Copisarow points out the influence of certain condensing agents in 
favouring particular reactions; he also gives an useful list of references. 
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Co were in the position to place the salt on the market under 
"tlie name of Eosine. 

At that date, the German Patent Law afforded very little 
I>rotection and the decision was made to keep the process 
Secret. By December 1874, Gnehm* suspected that eosine was 
allied to Baeyer’s phthalein dyestuffs,, and shortly afterwards 
i^ofmann {Ber., 1875,8,66) revealed the secret which had 
been kept for almost a year. (See von Baeyer, Annalen, 1876, 
^ 83, 146,) 

Preparation of fluorescein. Baeyer gives the following 
directions : 5 parts of phthalic anhydride and 7 parts of resorcin 
a.re heated in an oil-bath to 195 — 200 ^ after some time the 
naass froths owing to escape of water vapour and finally 
becomes solid; with small quantities this happens after 2 or 
3 hours, with larger after 6 or 7. The mass is then crushed 
a.nd boiled out with water. 

Impurities originating from the resorcin are removed 
by washing with alcohol which also dissolves some of the 
fluorescein; the greater amount remains as a red powder. 
For crystallisation, the fluorescein is dissolved in dilute 
oaustic soda solution, precipitated with dilute sulphuric acid 
aitid extracted with ether, this solvent taking up the hydrated 
form of fluorescein with great ease. Some absolute alcohol 
added to the ethereal solution and the ether distilled off ; 
•tile fluorescein then separates as crystalline crusts. 

Von Baeyer gives the following alternative mode of puri- 
fication. The fluorescein is boiled with an amount of dilute 
caustic soda solution insufficient to dissolve the whole; in 
this way the impurities are precipitated by the fluorescein. 
When a very impure product has to be dealt with, the solu- 
tion in caustic soda may be treated with calcium chloride 
solution, the dark brown precipitate filtered off, excess of 
calcium precipitated by sodium phosphate, the brown coloured 
calcium phosphate removed and the fluorescein thrown out 
of solution by means of an acid. 

It should be remarked that the resorcin used by Baeyer 
was not of the "degree of purity expected at the present time, 

19* 
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so that if fluorescein is required simply for conversion into 
other derivatives, a sufficiently pure material may jjenerally 
he obtained by fractional precii»itation of llie alkaline solution. 

By the direct precipitation of fluorescein on acidifying its 
alkaline solution, the substance is obtained in an am«rj»ho»s 
yellow flocculent condition, vvhicb on wanning, drying or 
even being allowed to remain under the surface of the li«pn«i 
is transformed into a yellowish reil. fine erv'.talliiie lanvilrr. 
Analyses of jirecipitatefl fluorescein agree’ with tin- formula 
Cg„H,aO„ lljt) (Ih'r., 1K71. ./.fitia), whereas the material after 
crystallisaBon from aleohol and ilryiug at t^o" has the com 
position Cs„lf,./>s atid forms a dark red powder. 

11. von IJebig stales that in addition to the onlinary 
form of fluorescein, various other intidificiitions exist, though 
polymeric formulae are assigned in stime cases ; all are staled 
to be iminiolecular in solution. Reference has already l»*en 
made to this author's work on resorcinbenxein. (See further, 
/. pr. C/wm., 1912, 11, #5.97, 241.) 

Fluorescein does not melt; on heating it remains tin 
altered up to aBt)", above 2»p" it becomes very brown an«l 
Anally decomposes completely. Freshly precipitated (liiores 
cein dissolves eatflly in alcohol and ether ; after crystalli' 
sation, continued boiling is necessary to get it into solution; 
it is fairly soluble in hot acetic acid but hardly at all in chloro 
form and benzene, llie alcoholic solution is yellowish rc«l 
and shows a green fluorescence; tlie solutions in alkaKes 
(caustic or mild) are deep red bttcoining yellow on dilution, 
and exhibit a very lively green fluorescence visible at extreme 
dilutions, so that they arc very suitable for tracing the course 
of underground streams. Measurements of the absorption 
were published by Lc Royer (Anmlm, 1887, 

Respecting the caus«* of the fluorescence, R. Meyer 
supposed that It dqiended on the fluoit>phorie pyronc ring 
(Zeitsehr. physikaL Cfum., J. T. ffewilt, tm 

the other hand, attributed it to tautomeric change between 
the kclonoid and qutnonold conflgurattons (/Vor. Chtm. 
Soe„ 1900, rtS, 3; ZeiiMthr. pkysikal. Ch«m., 1900,34,5). 
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A, B As 


The quinonoid form A may be derived from the lactonoid 
B by displacements with respect to either of the phenolic 
residues, so that a molecule of structtire might swing 
through position B to As, the oscillations: resembling in some 
degree those of a pendulum. Fluorescent organic compounds 
usually show this sort of double symmetrical tautomerism. 

Salts with bases. Fluorescein forms salts in which two 
hydrogen atoms are replaced by metal; a few have been 
analysed, e.g. CaC2oHio05,4H20 and BaCsoHioOg, p'HaO 
(Schreder, Ber., i8y8, 11, 1342). The ammonium salt is pre- 
cipitated in a flocculent state when ammonia is passed into 
an ethereal solution of fluorescein ; it loses ammonia on ex- 
posure to the air. 

The violet solution produced' by boiling fluorescein with 
a large excess of caustic soda very probably contains salts 
in which the pyrone ring has been ruptured and consequently 
more nearly the analogues of phenolphthalein salts. Such a 
solution alters its shade on dilution with water, and finally 
shows the colour of an alkaline solution of fluorescein, the 
latter compound being precipitated on acidification. The 
violet colour is conserved if the dilution be effected with 
alcohol ; acids then produce a yellow precipitate which dis- 
solves: in ether with a yellow shade. A caustic alkali solution 
is coloured violet if brought in contact with this ethereal 
extract. When fluorescein is fused with alkali, the two 
resorcin molecules are split off in succession, dihydroxybenz- 
oylbemzoic and phthalic acid's being produced (Baeyer). 

Salts with acids. Fluorescein dissolves in concentrated 
sulphuric acid with dark red colour and green fluorescence. 
Baeyer {Anmlen, iZy 6, 18^,12'f) isolated a compound to which 
he assigned the formula, QoHigOg, SO^, this product being 
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obtained by Cftndcnsing’ resorcin and phtlialir aidjydridc w it is 
concentrated sulphuric acid at too®, extracting unaltered 
resorcin and sulphuric acid with cold water, and crystallising 
from methyl alcohol. Well formed prismatic yellowish cry 
stals were obtained in this way; Haeyer's formula agrees with 
the structure of a fluoresceinsulphmiic, acid, hut h«' hinisrlf 
negatived this possibility by showing that the crunpoiintS was 
readily decomposed into fluore.scein arnl sulphuric aci«i on 
warming with water. 

At a later date, (iatterimnn and fMimicheii (#cr., 

3^> 1*35) obtained an .addition compound of fluoreseein with 
hydrochloric acid, t'jal lijDj, IHd, which was recorded without 
attracting any interest. Shortly afterwards, Mewitt (Keilsrhr. 
fthysikal, Chein., t<)00,S4>7) assumed the rxistersce of an 
oxonium salt in the fluorescent solution obtained hy dissolv. 
ing fluorescein in concentrated sulphuric acid. The existence 
of such salts was regparded with suspicirrn by R, Meyer 
{Jahrbuch der Chemie, 1901, /o, jSk)), but Hewitt and Tervrl 
{Trans. Ckem. Soc,, 1902,^/, 665) prepared and analysed a 
monohydrochloridc, a monosulphate and a disulphate of fluo- 
rescein. Baeyer’s compound was evidently the monosulphate, 
the percentage of sulpluir (7.88) recorded in his analysis 
being quite indecisive for SO* which requires 7,77 

per cent and for C"g»H,|Os, which requires almost as 

much, viz, 744 per cent. 

Bikers and esters of flmresretn. The alkyl derivatives of 
fluorescein have been treated at some length in discussing 
the tautomerism of the compound. Acylation leads to colour- 
less derivatives of the lactonoid form, i. c. to substituted 
fluorans in all cases, 

Ckloride, (y.6-DkMorafluoran.) Baeyer {Amidm, 1876, 
183, 18) obtained this compound by warming fluorescein with 
two molecular proportions of phosphorus pentacliloriflB ; an 
energetic reaction set in at 70* and was comideted by heating 
for two hours to too*. The resulting dark red mass was 
boiled out several times with water and unchanp!if fluores- 
cein then removed by digestion with caustic soda stdufloii. 
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After several extraetiuns with huilinfj alcohol, the compound 
WHS cry.slalli'-i'fl !>y sulntiun in hot toluene, addition of one 
<»r two voliiMU's of alcolnd, aiul cooling. 

DichloroMiioran forms sjnall, c<dourlc.ss prism.s, melts 
at ^52". is insoluhie in water, iiifficultly .soluble in alcohol, 
ether, acetone and acetic acid, easily soluble in chloroform, 

Iteiizetie and toluene. The conijrmind may be reconverted into 
fh(t»r«’.sceiti by heating witlt a sniall anunint of water and an 
excess of lime in a sealed tube to 230"; the chlorine is also 
replaceable by amine resitlue.s. The halogen atom.s are cvi.^ 
denlly le.s,s firmly bound to the aromatic nucleus than they 
are in the case of chlorobenzene. On the other hand, heating 
with an excess of fuming hydriodic acid to 150° fails to 
remove the chlorine atoms though the compound adds on 
tw'o atoms of hydrogen at the lactone ring giving a carboxylic 
acid (.VI. p. 229 

DirhloroHuoran has also I)een obtained by the conden- 
sation of 3 chlorophentd with jilithalie anhydride in presence 
of zinc chloride. 3 ; .p Dichlorophenol, 2-chloro-4-crcsol and 
a.Hromo.4-cresoI undergo similar condensations giving 
3:3:fi:7-{etracltloroflnoran (m. p. 255*’), 2 : 7-dimethyl -3 : 6- 
dichlorofluorati (m. p. 285") and 2:7-dimethyl-3:6.dibromo- 
flnoran (m. p. 5^4—285*) respectively. (Badische Co,, Brit, 
f*. *P75/U)n4; IJ. S, P, 785003/1904 of F, Julius; F. P. 

342518/1904 : D. R. P. 

[HneHylflmran. This is obtained by gently boiling 
fluorescein with 3 to 4 times its weight of acetic anhydride 
nnfil a sample furnishes yellow crystals on dilution with 
alcohol, F.xcfSs of acetic anhydride is destroyed by pouring 
into aleolK*!. allowing to stand for one day, collecting the 
separation and purifying this by solution in glacial acetic 
arid and pouring into several volumes of alcohol. Colourless 
needles, m. p. 200", Bacyer obtained pure fluorescein by 
hydrolysing the rliacetylderivative with alcoholic potash, 
diluting with water ami acidifying, : 

fhbmsnylfluttresmn. Baeycr prepared this compound 
by heating fluorcfcciii with four times its weight of benzoyl 
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chloride to >40" for one hour, hoilinjj out tin ni«*<hs« t with 
water and cryslallising friun acetone. tid<«iriess crystal ». 
m. p. 215“. 

Vlmrcscein hisphcnyUarbnmati'. ('3,, H,„( (l-XH 

• QHg)^, is obtained by heating fluorescein with phcnylcarb 
imide. It forms pale yellow, microcrystaliiiie grains, nu lls 
•It 195*1 whilst somewhat scdtible in acefotu*. is very 

slightly soluble in mo.st organic sedvents, riieuoljdithalein 
behaves in a similar manner. (Haller and (lny«»l, Cmiipl 
rend., xB^^, 1 16, t2t.) 

Thiofluort'.xri'iu. {\\(iJ)ithii){ftuomn.) ‘Ibis c«nu}it«ind 
i.s formed by lioiling 5 grants tif ilichloroflutiran with stt cc, 
of concentrated alcoholic potassium hydrosttiphide for half 
an-hour, filtering off the potassium chloride, diluting the 
intensely blue solution with water and carefully precipitating 
with dilute hydrochloric acitl. For purification, the eoin 
pound can be dissolved in very dilute ammonia ant! flu* solu- 
tion filtered into excess of dilute hydrochloric acid, l'*rcc 
thiofluorescein is thus obtained as 3 greyish white, amorpli 
ou# powder which cannot be obtained in a crystalline ctm 
dition; it is almo.st insoluble in alctihol, ether ami henitciie; 
it dissolves more easily in earhon tiisulphitfe, but is recovered 
as a re.sin on evaporation (Gatfermann, Her., 127), 

Colourless aromatic ethers of thiofinorescein are obtaine«! 
by acting on tlichloroflnoran with alcoholic, potash and thio- 
phenol or its analogties. These substances differ from the 
free thiofliiorescein in being readily crystallisable. 

Fluor escein-milide. ), { : N ■ C,! I*), t ’ot»mrle«s 

compounds are obtained by replacing oxygen in liir lactime 
ring of fluorescein by groups of the type R?l. 

(). Fischer and E, Hepp {Bet., 2d, 23,16) obtained 
fluorescein-anilide by boiling t part of fluorescein with 4 pari* 
of aniline and 2 i«trt* of aniline hydrochloride for 6 lioiir* 
under reflux, driving off the cxmm of aniline in a current *»f 
steam ^nd crystallising the residue from hot dilnie alcohol 
and then from ethyl acetate. Tlte colourless leaflets turn red 
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on heating to 200 ” and give a reddish sublimate. Fluorescein- 
anilide is insoluble in water and gives colourless solutions 
in alcohol, glacial acetic acid and alkalies; the alkaline solu- 
tions have a strong green fluorescence.! The solution in con- 
centrated sulphuric acid is yellow and shows a feeble green 
fluorescence. Dilute alkalies and acids do not hydrolyse the 
compound, but fluorescein and aniline are regenerated when 
a concentrated alcoholic solution is subjected to prolonged 
boiling with 40 per cent sulphuric acid. 

QH.-COOH C«H.<Q >0 

CO 


H- C^HsNH, ^ H ,0 + 


O 


c.h.<5n-c,h. 



Fluorescein is red and tautomeric, its anilide is colourless 
and only yields colourless dimethyl (m. p. 207 — ^208 and 
diethyl (m. p. 162 — 164^) ethers. 

The monomethyl ether of fluorescein may be similarly 
converted into an anilide, C2oHi^02(OH)'(OCHg)(: N-C^Hg), 
m. p. about 280 which is colourless and dissolves in alkali 
giving a colourless solution without any trace of fluorescence 
Fischer and Hepp, Ber., 1895, 28, 397). 

Fluor escdn-pheyiylhydra^ide, ( : N • NH * 00115), 

is obtained by gently boiling 3 grams of fluorescein with 
10 grams of phenylhydrazine, diluting with ether and crystal- 
lising from dilute acetic acid. The substance is colourless, 
and gives colourless, fluorescent solutionis in alkalies (Gatter- 
mann and- Gznztxt^ Ber., 1899,52^1133). The same authors 
obtained a colourless phenylhydrazide of 3 : 6-dichlorofiuoran, 
Q^HloO^JCl^ C^^^ which melts at 265 
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SMbstltiiHoa Oarlvati¥»t if Fliiriictt® 

Replaceinrnt c^f Iiy<lrogi*n atoni!^ in fliiiirrficriii i?ia>' 
ploce either in the resorcin or phthiilir rrsidiies. It li;r alrra 4 y 
been mentioned (p. 280) tliat suhsliltiiing agnKts lirnt altark 
positions 4 and 5 am! then 2 and 7, whilst corrijMi!iii«l% siili. 
stituted in the phthalie residue are iiMially prrjiarnl tiv roii 
clensing resorcin witli corrcHpctmlingly siih^tiiiiief! plitlialir 
anhydrides. The colour of the ctniipoinids depends riiorr oii 
substitution in tlie resorcin residue-!, ftiaii iii flir jililalir groiije 
2:7- (?4:S-) /hV‘/i/efo/*/io#rc.o-rfir, A di,. 

chlnroflin^rescein -can In* oblained by fiir riirrrt rfilfiriiititinii 
of fltjorescein ; ;,i|-ipareiil1y the* same coinponiir! forinrfl by 
cnmiensatioii of phthalie aiiliydride with rlihiroresorriii* lint 
attempts furtlter to chlorinate the eoriipriiiiitl lead tri first rm- 
tion of tlie molecule. (Mdstcr, latetiis and Briiiiiiig* lb H. Ik 
^ 3 <> 737 /^Wr* ITS. Ik of A., Ilriiriiierd Tfir 

("Jerman Patimt not tiicnlioii liow the fliiorrsr-riii k 

chlorinated, neither dties it specify the ftrieiilalinii of ilir 
cfilororesorcin whtcli h comlensed with phllialtr aiifiydrirlr* 
but claims that further introdisetioii of boniiitie or ioilitir 
leads to the pri.idurtiori of valuable dyrstiiffs. 

Example i. kilos of ftichlorofliiorrscrlii ffrofii 
retorcin and plitlialic anhydride) are stiij.iriided in alrolifit 
and treated wdth tfi kilos of lirninifie, Tlir fiiitii tirrtimirs 
w-artn ancf the product separaien in a »iiorl liriir. The roni^ 

ta. « mk k ..a. I ^ ii*. . 14. ..i I I ..z. * .... .. i I , f I ..... ... E t.. 
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Tin- patentees do not mention the source of the chlororesor- 
ein they employed; the C'lrnpouml obtained by Reinhard 
(/. pr. Chem., tSyB, n. //, 32H) was probably 4-chlororesorcin 
since, as Mettler points out {Her., 1912,45,803), siilphuryl 
chloride lias a pronounced tendency to chlorinate phenols 
exclusively in the para position. 

2:4:^\y.TelrachlaraflH»resccin, Cj„H/)„Cl4, was disco- 
vered in the laboratory of the Geigy works. (C. Mettler, 

Ik’r., 1912,45,800), the method employed being to heat di- 
chlorodibydroxybenxoylbenzoic acid. (Compare the. produc- 
tion of cosine from dibrttmodihydroxybenzoylbcnzoic acid by ; 

R. Meyer.) 

To <5btain dichlonKfihydr)oxyf>enzoylben2oic acid, 125 
grains of sulphuryl chloride wero allowed to drop into a well 
cooled (ice) mixture of too grams each of dihydroxybenz- 
oylbenzoic aciti and tlry ether under continual mechanical 
stirring. After some hours the ether wa.s distilled off and 
the pro<luct dissolved in srxlium cariionate solution and re- 
prccipitated by acid, 122 grams of criulc product being 
obtained. For complete purification, the compound was 
crystallised from glacial acetic acid. M. p, 222*. 

44 grams of dichlorodihydroxybenaoylbenzoic acid were 
melted, 10 grams of zinc chloride added and the mixture 
heated to 240* for 20 mtmites. After cooling, the tetrachloro- 
fltiorescein was dissolved In sodium carbonate solution, 
filtered and precipitated by acid, purification being effected 

tlirnno'li flu# rrvufallfn# r.rvfifal* 


lisation from glacial acetic aciti and drying at too®, the corn- 



shades profluced by this dyestuff on the fibre are possibly 
somewhat yellower than theme given by cosine. 


A dyestuff of unknown constitution was obtained by 
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chloric acid on fluorescein. This was called ^^Aiirnisiii** : its 
alkaline solution was rose red and showed a green 
cence, so that possibly it was dichloroUtiorescein. A. beaut i^- 
fill red dye* **Riiber>Hin*\ was oluaincd by its nitration,. 
(I). R. P. 2618 / 1877 , lapsed in i 8 H(.>.) 

. 3 * : fi-Dkhloroftuoresceitt. 


Cl CO 

In order to modify the shade of ei.tdni\ Khielting i!rtr«e= 
duced the use of chloroalerivatives of phllialic acid witirli 
were condensed with resorcin to stib.stiliitrfl fliioreiceiiis and 
then browinated. The **ji!ilri?ctne** of t'C Moiiiiet tl Cits was 
produced by this method from a diclilorophihalic acid; the 
latter ccimpcninc! was eKiintneil at sottie length by Le Royrr 
(Amm-km, i 887 »-^j#* 35 o) and taken for a derieilive of ri.di- 
chlorobenzene. .It was not until it)oo that Gntebc 


at/ >0 


A’ 


/XC-.H, OH 
;•<) 
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substance is obtained as reddish yellow needles of the 
hydrate, Ch„II,„(.)„C 14, which remains practically unchanged 
at 150 —160 ^ but loses water at i8o — ^200® giving yellow red 
anhytlrous substance. The diacetyl derivative was obtained 
as somewhat yellowish crystals. 

Mimobramufluorescein. Baeyer {Annalen, 1876, 183, 36) 
suspended fluorescein in four times its weight of glacial acetic 
acid and julded the calculated quantity of bromine as a 20 pei' 
Cent solution in glacial acetic acid in one lot. The amorphous 
substance was not analysed; it could not be purified by crys- 
talH.sation or, by means of an acetyl derivative. The evidence 
for the existence of monobromofluorescein as. a; chemical in- 
dividual is scanty. 

4: $-Dihromofluorescein, CjoHjoOuBrj. This was obtained 
in a somewhat similar manner using two molecular propor- 
tions of Ijroinine, the compound being purified by solution in 
alcohol, addition of acetic acid and evaporation. It was thus 
isolated as reddish brown thick needles melting at 260 — 270 ®. 
The solution in alkalies is reddish yellow and feebly fluores- 
cent (green) ; on boiling, the colour of the solution turns first 
violet then blue. Diacetyl derivative. M. p. 208 — 210® 
(Baeyer). Dibetisayl derivative. M. p, 240 — 244® (Hewitt and 
Woodforde). 

3 : 4 -Dibr 0 moflurocem was obtained by Heller and H. L. 
Meyer {Ber., 1909,42,2188) by condensing dibromodihydr- 
oxybenzoylbenzoic acid with resorcin in presence of 20 per 
cent of zinc chloride at 170®. A small amount of fluorescein 
produced during the condensation is removed as hydro- 
chloride by adding alcoholic hydrochloric acid to the, solu- 
tion in acetone. The compound melts at about 300®. Silk 
is dyed yellow from an acetic acid bath but without fluores- 
cence; alkaline solutions show fluorescence intermediate 
between fluorescein and cosine. On alkaline fusion, dihydr- 
oxybenzoylbenzoic acid is formed. Diacetyl derivative, m. p. 
173® with evolution of gas. 

2 : 4 : 5 : 7 - Tetrabromofluorescem. (Bosine.) Baeyer 

{Amaim. 1876,1^,39) states that this dyestuff is obtained 
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by adding a 20 per cent solution of bromine in glacial acetic 
acid to fluorescein mixed with four times its weight of glacial 
acetic acid, the tetrabromofluorescein separating in a crystal, 
line condition on standing. Alternatively, bromine may be 
added to a mixtitre of fluorescein and alcohol avoiding too 
great a rise in temperature ; on tlie other hand it is necessary 
not to operate too slowly or dibroinofliiorescein crystallises 
out and escapes the further action of the halogen. For final 
purification, Baeyer recommends conversion into the crystal- 
line potassium salt and crystallisation of the regenerated 
sine from six times tlie (|uantity of abnoliitif alroliol 

On a nuuiufacturing scale, broiniiialion in alcoholic 
suspension was resorted to, ait ttxidising agent (alkaline 
chlorate, cupric salt etc.) being added so that only four iitortiic 
proportions of bromine were necessary iiisteaii of eight, 
though this does not ap{a?ar in the accounts given by llimb 
schedler and Busch {MoniU scl, 1878, 20, 1170) and Miilib 
hauser {DingleEs PotyL L, 1887, too). 

Bindschedler and Busch describe two procesfies for the 
technical preparation of cosine. According to the first 
method, i kilo of finely powdered fiuoreiceiii is siiipcnded 
in 10 litres of alcohol and i.i, kilo of bromine added very 
slowly through a fine Jet with continiioui stirring. At ttiii 
stage the partially brominated dyestuff ti til in »lulii>n, 
liromination is continued with a further i.t kilo of brciinine, 
added as before deicribed. Each cirtrip givti a cryitilliiie 
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dissolved in sufficient caustic soda to give a colourless solu- 
tion. The two solutions are mixed and hydrochloric acid run 
in very slowly in sufficient quantity to render the mixture 
acid. The product is filtered off, washed, dissolved! in caustic 
soda solution and evaporated as described for the first 
method. 

Muhlhauser adds some further details. 20 kilos of fluor- 
escein and 80 kilos of alcohol (96®) are raised to boiling in 
an enamelled, steam jacketted vessel provided with an 
enamelled stirrer. The contents of 4 bottles, each containing 
13 kilos of bromine, are added in the course of 50 minutes, 
the heating is then continued for 3 hours at 1^2! atmospheres 
(Uberdruck). Afterwards the material is washed and dried, 
yield 27 to 31 kilos. 

The Societe chimique des Usines du Rhone obtain eosine 
by anodic oxidation of a solution of fluorescein andi bromine 
in dilute sodium carbonate (D. R. P. 108838/1899). 

F. Alefeld and W. Vaubel (Chem, Zeit., 1898, 22, 297) had 
made somewhat similar experiments but introduced the hal- 
ogen in the form of hydracid into the kathodic compartment ; 
the dyestuffs they obtained in this way were apparently not 
pure since they gave duller shades than the dyestuffs made 
by the usual substitution processes. 

According to the patent referred to above, eosine may 
be obtained in great purity by the following procedure. 
I kilo of fluorescein is dissolved in a solution of i kilo of 
sodium carbonate ini 30 kilos of water and i kilo of bromine 
is added whilst the mixture is stirred. Electrolysis is then 
effected, a diaphragm being used whilst a dilute solution of 
sodium hydroxide or carbonate is used as the kathode liquid. 
The kathode is of iron sheet or gauze, the anode of platinium 
gauze and the liquid is kept stirred during the operation. 
The current density is 2 to 3 amperes per square metre and 
the time taken is determined by finding when the desired 
shade is arrived at. According to the duration of the elec- 
trolysis, dyes giving orange yellow to bluish red may be 
obtained. 
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Eosine crystallises from alcohol with oiic niolt iiih' of 
solvent; it loses this at too". When the j>otassitiiis salt of 
eosine is heated with concentrated caustic potasii, it jtassr^ 
into solution and the colour changes to an intense Idvtr whicii 
is not immediately discharged on dilntion. On allow ing tin- 
diluted solution to stand for some titne, it Incutnes red. !»nl 
the concentrated solution will retnain hhie, 'I'lie «iiluted !dnr 
solution gives a reddish yelhnv precipitate on acidifiiativni 
which redissolves in alkalies with a hlne colour; this pre 
cii>itatc was not analysed hut is jirohahh the sulotanc** pto 
duced by hydration of the pyraite ring. 

If the potassium salt is heatetl to 14{>" with .tt times its 
weight of 50 per cent caustic sotla, it undergoes fission, «lt 
bromoresorcin (m, p. i)i") and dihroiiiudiliyihtixyUtiroyl 
benzoic acid (m. p. 218— aw)") being produced. ISaeyer wa^ 
unable to confirm llofmann's statement (/Ice . 1K75, 
that dibromoresorcin can be obtained from cosine bv beatiitg 
with hydrochloric acid to 150*. 

By boiling eosine with 30 times its weight of ctmceii 
trated wrphuric acid for 5 minutes, a substance was obtained 
which when purified gave figures agreeing with the foritnila 
C^aHjsOiaBr,, It formed dark, steel blue needles, difficultly 
soluble in orj^nic solvents with violet colour, soluble in dilute 
alkalies with greenish blue shade. 

Salts of cosine with many metals have been deserdu'd, 

NagCj|,H,0,Br4. In a crystallised state, this was used for 
silk dyeing under the name of Eosine A extra {iirnmann. 
Anilinfarben, i8f®, 1,471), 

KjCgaH.O.Br,. Described as crystallising with 5 or (t 
H,Oi or with i C,HjOH, It is very soluble in water. Ilaeyer 
prepared the pentahydrate by adding too parts of alcohol to 
a warm solution of the commercial salt (“watcf soluble 
eosine”) in 50 i^rts of water and allowing to stattd. I,arge, 
measurable lotflets were obtained, red by fmnsmlitcd llgfii 
and showing blue, and yellow green refteaea TI1# cryrtal* 
were described by Groth. 

(NH*)gC|„HgO,Br4. Analysis of the salt nbiained by 
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concentrating an alcoholic ammoniacal solution of eosine 
points tc^ some lo-ss of ammonia. The dye sold' as- ''Eosine B 
extra^’ was made by exposing eosine to ammonia gas until 
completely water soluble. Heumann states that 31.8 kilos 
were obtained from 30 kilos of tetrabromofluorescein in 
practice. 

Ag.C 2oHfl05Br4. Dark red precipitate, slightly soluble 
in water and alcohol. 

CaC2oHe05Br4, V2H2O. Yellow needles, fairly soluble in 
water. 

BaC2oH^05Br4, 2H2O. Yellowish red; rhombic tablets, 
sparingly soluble in cold water. 

CdC2oH605Br4, ?H20. Well crystallised, not analysed. 

PbC2oHQ05Br4 and (PbOH)2C2oH605Br4. Red amorphous 
precipitates. 

Amorphous precipitates were also obtained with the salts 
of various other metals. 

Monomethyl ester (Methylerythrine). Baeyer (loc. cit. 53) 
describes the compound as fine needles! or small red crystals, 
difficultly soluble in alcohol, fairly easily in chloroform. The 
erythrines were taken for ethers of eosine; their true ester 
constitution 


BrO Br 



0c« 


00 Alkyl 


was proved by Nietzki and Schroter. (See p. 282.) 

The preparation of methylerythrine is described by Bind- 
schedler and Busch (Monit, scL, 1878, ^0, 1172). 5 Kilos of 
tetrabronaofluorescein, 10 kilos of methyl alcohol and 9 kilos 
of sulphuric acid; (66® Be.) are heated for 4 hours on the 
water bath and poured into a large excess of cold water. The 
precipitate isj collected and converted into the potassium salt 
by boiling with a solution of potassium carbonate. On fib 
tering, the desired compound is left as a solid whilst any 

Hewitt, Syntfaietic 


20 
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tetrabromofliiorescein which has escaped esterification is 
contained in the mother liquor. 

Monoethyl ester {Erythrine), Baeyer (Joc.cit. p. 46) ob- 
tained' a monoetliyl derivative of eosine by heating the potas- 
sium salt with alcohol and potassium ethyl sulphate for 5 
hours at 140 — 150®; the reaction with ethyl bromide pro>- 
ceeded less smoothly. The compound gives salts containing 
one atom of an alkali metal and was introduced as- a dyestuff 
under various names, e. g. Erythrine, Spriteosin, Primerose 
a Talccol, Rose J. B. a Talccol. 

It was discovered subsequently that it might be more 
easily obtained by acting on eosine with alcohol and sulphuric 
or hydrochloric acid from which it appeared probable that 
the compound was really an ester. This was confirmed by 
Nietzki and Schrdter (Ber.^ 1895, 28, 46) who showedi that it 
could be obtained by the bromination of fluorescein ethyl 
ester of m. p. 247 Since the latter compound is obtained 
by the oxidation of fluorescin ethyl ester, no doubt remains 
as to the ester character of the compound. 

In manufacturing ethyl eosine, Miihlhauser (Dingler^s 
Polyt. L, i8Sy, 26s, loi) gives the following directions for 
converting! the ethyl tetrabromofluorescein into its potassium 
salt. 2^/2 parts of water and 1^/2 parts of alcohol are mixed, 
then I part of dye isi added, thd mixture raised to boiling and 
the calculated amount of caustic potash heated to 80 ® added 
in a thin stream in the course of 15 minutes. The apparatus 
is opened after 3 days, the crystalsl pressed, washed with hot 
water, again pressed and dried. 

Baeyer (loc, cit., 50) describes the preparation of mono- 
and di-ethyl derivatives by acting on the silver salt of eosine 
with ethyl iodide at 100 Extraction of the reaction product 
with alcohol removed the colourless monoethyl compound 
together with small quantities of the red diethyl derivative* 
these were separated by a solution of alkaH in 50 per cent 
alcohol. The alkaline solution was treated with acetic acid 
and sufficient dilute alcoholt to keep the substance in solution 
whilst warm ; on cooling, the monoethybcompound separated 
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in fine yellow needles which were obtained colourless by 
repeating the process. 

The residue left after removing the ethyl ether from the 
reaction product of ethyl iodide on silver eosinate was ex- 
tracted with a hot solution of caustic potash in 50 per cent 
alcohol and crystallised from chloroform. The small red 
crystals dissolved with difficulty in alcohol and ether but 
easily in chloroform and glacial acetic acid. Since the same 
compound was subsequently obtained by alkylating the col- 
oured ethyl ester of eosine, there is no doubt as to it being 
a quinonoid diethyl ether-ester of eosine. 

Baeyer also described Diacethyleosine and Eosine chloride 
(3 : 6-dichloro-2 : 4 : 5 : y 4 etrabromofluoran). 

3' : 4’ : 5^ 6'- T etrabromofluorescein, QoHgOgBr^. This 
compound is prepared by the condensation of resorcin with 
tetrabromophthalic anhydride^ (D.S. Pratt, G. F. Hutchinson 
and A. W. Harvey, J. Amer, Chem. Soc., 1919, 41, 1293). 

The colour of the alkaline solution is similar to that 
of fluorescein; on acidification, a precipitate of the yellow 
hydrate is formed, but at 100® this is converted into the 
brick-red quinonoid tetrabromofluorescein ; the latter gives a 
yellow benzenoid form when wetted with acetone or ethyl 
acetate. The yellow hydrate gives a very pale yellow isomeride 
when treated with alcohol ; this is supposed to be the carbinol- 
carboxylic acid, the change being represented thus. 



The bright red diammonium salt and the colourless 
diacetyl derivative have been prepared. 

I Tetrabromophthalic anhydride (m. p. 279.5 — 280.5 ^ corr.) 
was obtained by D. S. Pratt and C. O. Young (J. Amer. Chem, Soc., 
1918, 40, 1415) by allowing phthalic anhydride and bromine to react 
with one another in presence of iodine, hot fuming sulphuric acid 
being used as solvent. Numerous derivatives .were prepared; by 
condensation with phenol in presence of fuming sulphuric acid 
(15 Va SOa) a mixture of the tetrabromoderivatives of phenolphthalein 
and fluoran was produced. 
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2 : 4 : 5 : 7 : 3' : 4' : s' : 6'-Octahromofluorescein, CaoH^OgBrs 
is obtained by the action of bromine on the preceding’ tetra- 
bromofluorescein. It is nearly colourless but extremely sensi- 
tive to alkalies giving coloured salts; it dyes silk pink. The 
diacetyl derivative crystallises with one molecule of benzene ; 
with ammonia it produces a tetraammonium salt to which the 
following structure is assigned. 

C(ONH,), • NH. 

A Diiodofluoresceifiy was sold by Monnet 

under the name of PyrosineJ, probably the positions 4 and 5 
were occupied by halogen. The ammonium: salt was also 
known as Erythrosine G as well as Dianthine G, \ 

2 : 4 : 5 :y-Tetraiodofluoresceinf C20HQO6I4, was- marketed 
in the form of the sodium salt under the names of Ery- 
throsine Rose B d Veau, Pyrostne B, Primerose soluble, 
Jodeosin B, Eosine blet^&tre and Diathine B, 

Eosine bleuMre (soluble a Teau) was introduced by the 
firm of Bindschedler and Busch in 1876, the process being 
based on the experiments of KussmauL The following; de- 
scription of the manufacture is of interest {Monit. scL, 1878, 
20j 1171). Fluorescein and iodine are dissolved independently 
in dilute caustic soda lye and the solutions mixed; on acidi- 
fication the tetraiodofluorescein is precipitated in a finely 
crystalline condition. The precipitate is converted into the 
sodium salt whilst iodine is recovered from the mother liquors 
by potassium bichromate and sulphuric acid. 

Miihlhauser {DinglePs Polyt. I., 1887, 263, 106) states 
that better results are obtained when an organic acid is used 
to liberate the iodine. 

The electrolytic preparation of erythrosihe has been 
described by the Sod^e chimique des IJsines du Rhone 
(D. R. P. 108838/1899). X Mlo of fluorescein and 1.5 kilos 
of finely ground iodine are dissolved in a. solution of i kilo 
of sodium carbonate in 30 kilos of water. The solution is 
then oxidised anodically under the conditions described for 
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llic correspciiidiiig preiiaralioii of The paleiii also 

refers to the siilistittiticni of hydrogen fiy halt>gen in tlie case 
of the cliiorofiiiorcsceifis* 

3* * 4* • 5* ‘ * ? cimier/e// iiorc,?rcdc I was ob- 

taiiicfl hy I bS. Frail and A. B. Coleinanri (L Amer, Ffmn. 
Sdf., lyiH, JjCi) by ccitideiising resorcin with tetraiodo- 
plilhalif anliyclrkle ^ in presence of mm rhloride. 

The alkaline .ioliilirifi is yelhnvish reel in cedour and 
exfiiliits a vi¥icl green fluorescence thus differing markedly 
frciiii crytlirosiiie. On acidifying the alkaline scdnlion, a 
golden yellow Iiydrate is precipitated which after airairying 
for some clays retains appromirimtely one tnolectile of (ciirbinol ) 
water; tliii can be expelled at 120**, the colour changing to 
rc*fidis!i4,>rowin This colt>isr change is attributed to tlie 
diiction of a certain amoimt of the qninonoid fonn. The 
colonr of the linfiydrrnis comfiound is altered toa cleiir canary 
yellow if a drop of acrtoiie» alcohol or ethyl acetide is applied ; 
in this ca.se it is assumed that tfie slrnctiire midergocH re- 
arrangement and that the more stalde lienacnoifl moflificatit.in 
is prodiiceci 

The freihly precifiilaled, gofden-yrllow hydrate is ini> 
mediately coriecrlc^d into a eery pale yellow isomeride hy 11 
little methyl or ethyl alcohol* the change fieing exj.dained 
ai elite to the prodiiction of a carbiiiobcarhoxylic acid; fi 
similar case lias lieeii nienlioited with regard to the corret^ 
fioiidi iig t et rtbronioiiioreicci n* 

Beiidcs pnimsium tnd dimmmmUmt .sails, llie aiithori 
dcicrilic! mmmwMlhyl^ {bright red, decontposei near 351 **), 
rfififflfb fyelioie), and dibenm^yU (pale yellow, in* p. 
dcrwilivci.. 

3 : 4 ; 5 : 7 : A* * 4 ' * 5* ^ f'F « 

wis prtfitrffi by Pratt ami Cokinann by lietliof an alcoholic 
.ioliitiofi of ilic preccclitif c.fitiipotjnd with iodine and iodic 

I Ttlrtii^ijpltliailc yellow m* p. 

ccrrJi^ttiiititiy iitaiifii pbtliilieifihyilride with indltte ttitl fafttiiin 
itipbiwlc acid; wtfral dfrirali^r# hate betn pr«f«ft4 CII.. S. Frail 
iii4 A, F, SItipp, I* Mrmf, Chim, ififi fS#*) 
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i acid for twelve hours. It forms clear yellow crystals which 

I become dark red at 140“; this is attril>»tcd to «iuiiu»i»i>i!l 

I transformation. The yellow additive compound with acetone 

■; is re.solve<l into its constituents at 120'’. ,\ red tetnuunnumium 

.salt, a violet silver salt, ami minnunt'thvi . diiict’lyl- and ili- 
j ^ hensoyl derivatives are descrihcfL 

I 3 ^ : (f4)ichlnro-2 : 4 : 3 : y^elrahrmnof! i gulfed 

I Cl^Br4. The sodium salt was introdiired hy F. ci Cle, 

I under the name of PhltKvine. !-..e Royer gives a lirirf aceoiiiit 

f of the substance (Anmilen, 1H87, 35B1 whieli lie obtained 

by dissolving dichlorolhiore'-^eein in riietliy! alcolicil iiiiil 
gradually adding eight ef|uivaleiits of hromifie rliliited witli 
glacial acetic aciil llte yellow, gnitnilar precipilair was clis, 
solved in causlic potash, evajiorafed and the rioiidtie e%,trariri| 
with alcoliol ami ether* Tho salt was then dissolvrfl in water, 
precipitated hy hydrochloric aetd, redissolvetl in aiiiiiiwiia 
and again precipitated. The iilkaiine soliiltoii is nf a lihier 
shade than that of eositie, 

3* : 4* : 5* : 6* - Teinirhloro -- i : 4 : 5 : 7 - IHt-ahrmn^iflimrfsrfiih 
Even bluer shades are protliiced.. Iiy lliis dye* 
it was used at one lime under the names of Phhmm* TA, 
Eostm to B and llrythrmim B, 

Cymwsim, h the eikyl flrrivalive rif tlir 

preceding cotnponrifL The corresponding miihyi isl^r lia» 
also lieen mannfactiiretl. 

The clilorofliioreficeins siibslitiiled by fialcigeii in the 
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added, the precipitate collected and treated with potassium 
iodide solution to remove free iodine. The resulting reddish 
yellow powder was a hydrate, C20H8O0CI2I4. 

The commercial dye is a brown powder giving a red, 
non-fluorescent solution. 

3^ : 4’ : 5’ : 6’ - T etrachloro -2:4:5:/- tetraiodofluorescein, 
C20H4O5CI4I4. An alkaline salt of this compound was marketed 
as Rose Bengale B and 3 B, 

2:4:5:/- Tetrabromo - 3’ : 4’ : 5’ : 6’ - tetraiodofluorescein, 
C2oH405Br4l4. Pratt and Colemann (/. Amer. Chem. Soc., 
1918, 40, 245) prepared this compound by brominating 
tetraiodofluorescein in acetic acid solution. A benzenoid 
constitution was assigned to the substance as it shows no 
tendency to pass into a highly coloured form. The red alkaline 
solution exhibits a faint green fluorescence ; acids precipitate 
an amorphous hydrate, 3 C2oH405Br4l4, HjO. Besides di- 
^ammonium and monosilver salts, a red amorphous mono- 
methyl ether and pale yellow diacethyl- (m. p. 2/0 — 280®) and 
dihenzoyL (m. p. near 261 derivatives were described. 


Nitrofluoresceim 

4 : 3-Dinitrofluorescein, CgoHio (N02)205, was obtained 
by Baeyer (Anmlenj 18/6,1^3,32) by adding 2 parts of 
fuming nitric acid to a solution of i part of fluoresceini in 
20 parts of concentrated sulphuric acid cooled to o Water 
precipitates it from the resulting mixture as a reddish yellow 
precipitate. Baeyer did not analyse the product in this form ; 
in order to obtain a pure substance the precipitate was ace- 
tylated, crystallised from alcohol or ethyl acetate and the 
diacetyl derivative hydrolysed by boiling with alkali. A blue 
solution was obtained in this way ; acids threw down a yellow 
precipitate which even after recrystallisation dissolved in 
alkalies with a blue colour, and, as Baeyer showed, possessed 
the formula (N02)20e. 

J* T. Hewitt and B. W. Perkins (Trans. Chem. Soc,, 
1900, //, 1324) confirmed these results but showed that if 
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the acetyl compound were hydrolyse*! hy iieafing witii j»t r 
cent sulphuric acid for one hour on tlie water-hatii. a canary 
coloured precipitate was ohtainer! which proved on analysis 
to be the anhydrous dinitrofluorescein (Xt 

Anhydrous dinitrofluorescein dissolves in cold dilute sorlium 
hydroxide or in sodium carbonate solution with an i»r;uige 
brown colour, aiul exhibits no fluorescence. If the solution 
in caustic soda be wanned, the cfilour ciianges to a «!,ark 
blue (no fluorescence): -'d tldf* stage acids precipitate the 
hydrate. 

Since, the .salts of diiiifrortiiorescein and its hydrate are 
evidently of flifTereiit serie.s, the .simplest rsplanatitui is to 
suppo.se that the effect of warmittg with alkali is to open the 
pyrone ring. Hewitt and I’crkins {/or. cif.) obtained eoiifir 
matory evidence liy adding an excess of sodium clhoxidc in 
ah.sohite alcohol tf» a saturated alcoholic sohition of dinitro 
fluorescein. The orange eoloiir changed to Idne on atldition 
of a few drops of water and a purple crysl.*illine paste sep.irated 
on stirring. After collection and washing with alcohol, the 
amount of sodium was estimated in the sail and fottml t«» 
agree with the formula C3„H,0,„NjNa,. 

Hewitt and Perkins were under ilic impression that they 
were dealing with ary-dirntrofluorescein; in this they were 
mistaken. L. Matras (Chtm. Zeit., tfk).**. /p, .joB; /Irr/i ,Vri, 
phys. mt, 1895, tnj'j, 285) ha«l previously shown that 2 nilro- 
resorcin results ' 
aiKl a letter fro 
(Tram, Chem. i 
cein and the re: 
established by 
4 : 5- and not t( 
not fas far as 
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1905, 2 /, 1310) reduced dinitrofluorescein with stannous 
chloride and hydrochloric acid obtaining a substance which 
was slightly soluble in ether or glacial! acetic acid with green 
fluorescence; the alkaline solutions were red and fluoresced 
violet. By reducing with stannous chloride and dry hydrogen 
chloride in alcoholic solution, a substance was obtained 
which formed bright yellow crystals and, melted at 249 

By acting on dinitrofluorescein with ammonia, Reverdin 
(Ber., 1897, 50, 332) found that the pyrone oxygen atom was 
replaced by the NH group, an acridine derivative 

NO3 NH NO, NO, N NO, 


c 

C,H.<go 


C.H«COOH 


being obtained. The reaction was carried out by adding 
75 cc. of 21 per cent ammonia to a paste of 100 grams of 
dinitrofluorescein and 100 grams of water cooled by ice. 
The temperature rose to 35 — ^40 ® ; after standing some hours 
125 cc. of salt solution were added and the ammonium salt 
collected. The free acid was liberated, extracted with cold 
acetone to dissolve impurities and converted into the more 
stable sodium salt, CjoH^OgN^Naj. The colouring matter 
dyes wool a pure yellow shade from an acid bath ; the shades 
are evener and faster to light than those given by fluorescein 
derivatives. The ethyl ester behaves in a similar manner. 

Aniline reacts in a similar manner with dinitrofluores- 
cein, but in this case it is necessary to heat to 120® ; the end 
of the reaction is detected by a sample no longer giving the 
characteristic reaction of dinitrofluorescein when warmed 
with caustic soda. ■ * 

Meister, Lucius and Briining protected the reaction 
(Brit. P. 3944/1896; D. R. P. 89400/1896) describing pro- 
ducts resulting from the! action of ethylamine and /^-toluicflne 
on dinitrofluorescein as well as' those formed when ammonia 
acts on the products obtained by dinitrating the fluoresceins 
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(ii-rived from <Ii- ai»l tftra-cljloroplithalic .uiih am! nitrti 
pfitlialic acid. Most of the new ilycsluffs arc ^aid to give 
yellow' or browniHh yellow shatles on wool, hut the one from 
(liclilorodinitroflnoresccin and aintnonia is exceptional in 
dyeing wool hrick-red. 

2 : 4 ; 5 : 7 - Ti'trattitiiifluiiri'.u ciii. i ’jnH, ( N’l hh' Haeyrr 
(Annalen, 1876, 33) treated fluorescein with an excess of 
fuming nitric acid and without cfwdiiig; a lively reaction 
occurred and when it was over, the solution was poured into 
water. The precipitate was eollected, washed with a iitlle 
alcohol and dissolved in a large «|uantily (5«tpaiist td glaci.jl 
acetic acid hy continual hoiling. The niateria! wparatetl in 
crystalline nodnle.s and according to ISaeycr's analysis was 
tetranilrolluorcsccin. 

Hewitt and I’erkins f/er. cd., I3J!<>) introduced h»ur iiitro 
groups into fluorescein hy nitrating as nlteij piep,iring di 
nitrnflnore.scein, but either allowing the mixture to get warm 
or else leaving it overnight. The jtinkisli }»3ste which sepa 
rated on pouring into an excess of water was collect rd, 
washed and dissolved in a hot solution of sodinin acetate ; <tn 
cooling, small, brilli.int redtetrahedrasep,arati'«l. I'romasolii 
tion of this salt, acids liberated a snbstanee having the com 
position of a tetranitroflnorescein hydoate, from wfiich I f ewit t 
and Perkins were tinalde to remove the elements of water 
even'byiboilifl||fjwit!i 50 parts of glacial acetic acid for tri hours ; 
nevertheless, this hydrate showed all llie proj»crties assigned 
by Baeyer to the anhydrous eoniponiKl. Amongst tlteitt may 
be mentioned the yellowish red colour an«f yelhtwish green 
fluorescence of the alcoholic solution ; this eolonr clmnge* to 
reddish violet on addition of a drop of hydrochloric acid 
The alkaline solutions exhibit no fluorescence. 

Von Baeycr preparer! an acetyl derivative but givev no 
analysis; Hewitt and Perkin* also obtained such a compomid 
but were unable to analyse it on account of it* cxploxivr 
prt^erties ; the latter authors also prepared and analysed 
salts of the compotdtlOTis C»,H|, 0 „N,Nt,, 8 Il ,0 and 
C,«H, 0 ,*N,Ba ,4 H.O. 
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Derivatives of fluorescein containing nitro groups in 
the phthalic residue have been prepared by M. T. Bogert 
and R. G. Wright (/. Amer. Chem. Soc., 1905,^7^ 1310). The 
compounds obtained by condensing 3- and 4-nitrophthalic 
acids with resorcin! give yellowish red alkaline solutions which 
have a weak but distinct green fluorescence. 

The same authors also studied the reaction between 
fuming nitric acid and a solution of fluorescein in concen- 
trated sulphuric acid ; the product formed a white powder 
after crystallisation from acetone and appeared to be a penta- 
and not' a tetra-nitro derivative. By acetylation, it seems that 
four acetyl groups can, be introduced into the molecule. 

No pure products were obtained on reducing pentanitro- 
fluorescein ; the solutions were deep red in colour and showed 
a blue fluorescence on dilution. 

? 4 : ^-Dichloro-2 : y-dinitrofluorescein. It is possible that 
thej dye named ''Rubeosin” by Wilm, Bouchardat and Girard 
(D. R. P. 2618/1877, lapsed in 1880) possessed the compo- 
sition CaoHgClj (N02)205. a feebly alkaline 10 per cent solu- 
tion of fluorescein to which bleaching powder or chloride 
of soda had been added was rendered acid by means of a 
slight excess of hydrochloric acid. The resulting “Aureosin’' 
was then nitrated either by warming with dilute nitric acid 
(i part of ordinary nitric acid to 2 parts of water) or' by heat- 
ing the solution in glacial acetic acid with saltpetre. 

4: 5-Dibromo-2 : 7-dinitrofluorescein, CooH^Brj (N02)2G|5. 
This compound wasi described by von Baeyer {Anmlen, 1876, 
1 8s j 61) who prepared it by the nitration of 4:5-dibromo- 
fluorescein ; it was introduced as a dyestuff by the Badische 
Anilin und Soda Fabrik under the name of Safrosine. 

Hewitt and Woodforde (Trans. Chem. Soc., 1902, 

898) examined the compound further; for its preparation 
10 grams of dibromofluorescein were dissolved in 300 grams 
of concentrated sulphuric acid, the mixture cooled to o^ and 
a mixture of 5 grams of nitric acid (s. g. 1.36) and 20 grams 
of concentrated sulphuric acid added dt-op by drop with con- 
tinual stirring. After pouring on to ice, the precipitate was 
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collected and crystallised from acetone. Yield, »/> j>rr cent of 
the theoretical. 

The compound darkens on heating InU tloes not melt 
even at 310"; it is very .sparingly soluble in the usu.il solvents 
with the exception of hot acetone. The alkaline solution has 
a magnificent crimson shade but is non fUiorescent, silk is 
dyed a crinwon purple from a neutral hath containing smlitmi 
sulphate but the colour is easily fiiscliarged by mineral acids. 
When the alkaline solution is hoiletl for some lime, no 
evidence i.s obtained of of»ening of the pyrone ring; in this 
way the compound tliffers markeiily from derivatives of 
fluorescein containing nitro grotips in imsitions 4 and 5. 

The .same 4: 5 <lif>romo. 3:7 dinitrofluorescein is also 
produced when tetranitrofluorescein is coveretl with 8 times 
it.s weight of glacial acetic acid and its own weight r»f l*rt>minc 
added. This affords additional evidence of the greater ease 
of attacking positions 4 and 5 rather than any other by 
.substituting agents. 

The diacetyl and dihensayt derivatives melt at 315® and 
301 ® respectively ; the disodium salt seems to be anhydrous. 

The manufacture of safrosine is ttientioned by Witt 
(Chem. Ind,, 1886,9,4); Mithlhauscr (f)ingter's Pnlyt.f., 1887, 
263,^, 103): and Bindschcdler arul Busch iMtmit.sd,, i8j8, 
20, 1171). 

According to Bindschcdler and Busch, 9 kilos of tetra- 
bromofluorescein arc dissolved in dilnte alkali. 8 kilos of 
sodium nitrate added and the mixture boiled; 15 kilo* of 
sulphuric acid (66* Be.) are then added. The intensely red 
precipitate slowly loses its deep shade iiltinwitely forming 
flocks of the colour of manganese sulphide. The authors state 
that the same dye has been known commercially under 
various other names, e. g. icarlate lutieimm, mpetiim and 
coednimA 

Mfihlhauscr stirs 7 kilos ot fluorcKein Itiitiiwly divided 

I The prfices* given bss not been tried 1^ the preMWl suthw; 
one might suppose thst it wooM jdeld the vstueiess 4 !S d»»itrr> a y- 
dihrom^iK)reic«in. 
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condition with 60 kilos of alcohol (96®) and adds 7 kilos of 
nitric acid (40® Be.) followed directly by 7.25 kilos of 
bromine. The yield is 12 to 12^2 kilos for each 7 kilos of 
fluorescein. 

Another process described by Mxihlhatiser consists in 
making a paste of 30 kilos of "Bromeosin'' (? dibromo- 
fluorescein) and 25 kilos of glacial acetic acid, stirring in 
4 kilos of finely powdered sodium nitrate, covering the vessel 
and heating it by a water-bath. Reaction begins about 70 to 
80® ; after 6 or 8 hours heating, the red mass has become 
flesh coloured and the reaction is finished. The! yield is stated 
to be about 29.5 kilos. 

It is also possible to work in aqueous solutions or 
suspensions, bromination being first effected and then nitra- 
tion. Even where Miihlhauser adds nitric acid to the sus- 
pension of fluorescein in alcohol and adds the bromine sub- 
sequently, it should be noted that the addition of bromine 
is immediate, so that bromination almost certainly takes 
place before nitration. 

Conversion into the ammonium salt is effected by ex- 
posing the dinitrodibromofiuorescein to a current of dry 
ammonia gas. I 

2 : y-Dihrcmo ~/\. : ^-dinitrofluOrescein, C2oH8Br2(N 02)205. 
Hewitt and Woodforde (loc.cit., 895) obtained this isomeride 
by mixing glacial acetic acid solutions of dinitrofluorescein 
hydrate (4 parts) and bromine (5 parts), heating the mixture 
to boiling and allowing to cool. Anhydrous dibromodinitro- 
fluorescein was thus obtained as yellowish brown needles 
which turn dark red at 270® but do not melt by 310 

The compound dissolves in the usual organic solvents 
axid in cold dilute caustic soda with a brown colour and no 
fluorescence ; the last named solution readily turns blue when 
warmed (the shade is greener than that given by dinitro- 
fluorescein) and now contains the hydrate, C2oHioBr2(NOjt)2C)a, 
which is precipitated on acidification. 

The, dimety I s.n(i dibemo^^ derivatives melt at 276^ and 
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315" respectively with decomposition; the disiulium salt has 
the formula C3„H»( )*N,jlirjN'a3, 2I Ij( ). 

When silk is dyed (2'/j per cent soliiti«»n of the liydrate). 
it takes an oranpe colour, much yellower than that given 
by eosine aii<i more res<’mb!in}f that given by letranitro 
fluorescein. i 

Chrysolin is the .su<lium salt of a compound in.nU* by | 

conden.sing phthalic anhydri<le with a benzyl derivative rtf 
resorcin in presence of sulphuric acid, Since tlie “Itenzyl 
resorcin" is made by heating benzyl chlorirh* with resorcin, 
it i.s possible that the benzyl group has rej>l,ice<t a hydntgeti 
atom of the nucleu.s of resorcin in which case chry.si4in is 
not a benzyl ether of fluure.scein (keverdin, Manit. st i., n, 

860, 1104). I 


CHAt»TKR XV. 

HYDROXYL DKKIVATIVKS OF FLUOKAX OTIILH TflAN 
FLUORESCKIN 

Quinolphihalein, QbIIhOb. The comkmatioi} of two 
molecules of qtiinal with one molecule of pittlialic anhydride 
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acetic acid and acetone but only slightly in chloroform and 
benzene. Very little dissolves in hot water the solution de- 
positing: the hydrate on cooling. The alkaline solutions are 
deep violet ; they are decolourised by zinc dust with formation 
of a leuco-coinpound, C2oHi405. 

Ekstrand prepared a diacetyl derivative (m. p. 210*^) and 
a pentabromo substitution product, CgoH-yOsBrs; the latter is 
remarkable as giving colourless alkaline solutions. 

R. and H. Meyer (Ber., 1895, 28, 2959) added two further 
derivatives, a dibenzoatel m. p. 252 — ^253 and an imide 



The latter compound was obtained by dissolving 10 grams 
of quinolphthalein in 150 cc. of concentrated aqueous am- 
monia and then boiling the solution. The colourless compound 
gives colourless solutions in alkalies. 

The constitution of quinolphthalein has already been dealt 
with at length (p. 286) ; it may be remarked that though 
alkaline solutions of phenolphthalein, quinolphthalein and 
fluorescein exhibit very different colours, the general charac- 
ter of their absorption spectra is somewhat similar (R. 
Meyer and K, Marx, Ber,^ 1907, 40, 3604). 

The dimethyl and diethyl ethers of quinolphthalein pre- 
pared with the aid of sodium ethoxide and the respective 
alkyl halides are colourless, crystalline substances melting at 
200^ and 164^ respectively. (R. Meyer and O. Spengler, Ber,, 
1903,5(5,2959). The monomethyl ether (m. p. 130 — 134®) is 
also colourless but gives coloured alkaline solutions. (Meyer 
and Spengler, Ber., 1905, 5^, 1330). 

Meyer and Spengler prepared an anilide by gently 
boiling I part of quinolphthalein for six hours with , 4 parts 
of aniline and 2 parts of aniline hydrochloride ; it is colourless, 
melts at 305 ^ves colourless alkaline solutions and yields 
a colourless dimethyl ether, m. p. 183®. 

Qumolphthalein- oximes. Three different forms dis- 
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tinguishiid as a, fi and y arc.kijrnvn. AH tliesi* n stdl at tin* 
same lime when an alkaline solution of ijuimilphthalein it 
treated with hydroxylamine hy<irachh>ritie : the vioUi colour 
of the solution jfives place to a dirty brown and eventually 
a cherry red when heated for a short time on the watei hath 
(Meyer and Spengler, /fer., 2</ii ; • 

The separation of the oximes is elTecled by makitiji' use of 
their different solubilities in methyl and ethyl alcohols, The 
«-form is colourless and gives a colourless solution in alkali ; 
it melts at 268 — 2(k;“. 'Hie other forms «lo not melt witlimit 
decomposition, the fi-Umn gives a yellow sidiition itt tuethyl 
alcohol with inten.se bluish-green Ihiorescence, whilst the 
oxime is hardly soluble in organic solvents btit thssolves in 
alkalies with a hrovvnish-yellow c»»lour. 

I’ossibly the coloured oximes are stereoisomerides iris 
and /r«>i.r-fornis) ; some support is given to this view by the 
isolation of two phthaloxiines 


one colourless, the other of a lemon yellow sh,adi*. Both of 
these melt at 220-“2^»® and give red alkaline solutions (W. 
R. Orndorff and D. S. Pratt, Amer. Chem. /.. 1912, f/. 89). 

Orcinphthaleins, Emil Fischer (. 4 nnnlm, 

obtained an orcinphtltalein by heating 3 part* of 
phtlmlic anhydrklc with 5 parts of orcin anil 5 parts of con 
centrated sulphuric acid for * hours at 1,^5*. The product 
was washed with cold water, dissolved in dilute caiiitic potash, 
boiled for some time am! predpitated by acetic add. The 
precipitate was then boiled with water and finally crystallised 
from dry acetone. In this way, small colourless prisms were 
obtained which turned brown at ayt*. 

Whilst the compound was coiourlets, the alkaliitr soln 
tions were intensely red twt not fluorescent. Fischer also 
prepared a hydrochloride, mmo~ and di-oeetyl derivatiws (m. 
p, of latter 219— aao*) and ferr<i> and peatabromo subititutiott 
products. The monoacetyl derivative was not obi«rve*J by 
R, and H. Meyer. 
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The lack of colour in the case of the free compound and 
the non-fluorescence of its alkaline solutions led' to consider- 
able confusion at a later date, for if fluorescein is obtained 
by an ortho-para condensation with formation of a pyrone 
ring, there seems to be no reason why orcin. (3 : 5-dihydroxy- 
toluene) should not behave similarly and give a homologue 
of fluorescein 

The discrepancy was explained by R. and H. Meyer 
{Ber,, 1896, ^p, 2627) who found that orcin and phthalic an- 
hydride condense in three possible ways giving phtbaleins 
of the structures 


000 



Fischer’s orcinphthalein, which gives a carmine shade 
in alkaline solution, was distinguished as a-, the phthalein 
giving a cherry red as and the third isomeride as- y-orcin- 
phthalein respectively. It was found! that a relatively greater 
amount of* the y-phthalein could be obtained if phosphorus 
pentoxide were, used in place of sulphuric acid as condensing 
agent.,. 

R. and H. Meyer utilised the difference in acidic pro- 
perties of the three compounds to effect their separation. The 
a-compound dissolves in caustic potash) but not in ammonia 
or alkaline carbonates, the jS-compound dissolves, in the latter 
but not in a solution of ammonium sesquicarbonate, whilst 
the y-compound is sufficiently acid to unite directly with 
ammonia vapour giving a salt which dissolves easily in water. 

In addition to the compound’s prepared by Fischer, R. 
and H. Meyer obtained the benzoyl derivative of a-orcin- 
phthalein, m. p. 284 — 285 

P^Orcinphthalein forms brownish needles or orange leaf- 
lets ; it retains Va oi water even after drying in an 

Hewitt, Synthetic 
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aniline-batli. The diacctyl and dihfiizoyl dcrivativc>; lucdi at 
227 — 228* and 244 — 245“ respectively; the U'lrahrtmn substi- 
tution derivative is colourless but clissolves in alkalies with a 
greenish Idaek colour, which after considerable tlilution ap- 
pears dirty red by Iransinitteti light; the std>stance has no 
dyestuff character. 

y-Orcinphthalcin forms yellowish prisms c»r oraiigt* col- 
oured cry.stals according to the method of crystallisation. 
The alkaline solutions are yellow and show a green tinores 
ccnce, somewhat h-ebler than that given by thn*resceiii. The 
diacetyl derivative melts at 207 — 2oH“; the te{rtd>ruma subsfi 
tution product is the analogue of etj.sine dyeing silk in similar 
but .somewhat weaker sliade.s. 

Cresorcinphthalcin, 'Hiis compoiint! was i»l»- 

tained by heating a mixture of phthalic anhydride and cres- 
orcin (2 : 4-dihydroxytohiene) for 2 hours to lys—aiXJ*. It 
fortns a hrick red powtler, Iwhaves similarly to fluorescein 
and yields a diacetyl derivative which melts about 260*. 

The fluorescein reaction has akso been oliserved with 
the following homologties of resorcin. 

2:6-DihydroxytoIuene, Ullmann, /Icr,, 1884, //, 

2: 6- Dihydroxy- 1 tj-xylene, Wischin, Her., 1890, 23, ,3114. 

3 : 5-Dihydroxy- 1 : 2-xylene, Pfaniienslill. J. pr. Chern,, 
1892, II, 46, 156. 

The fluorescein reaction can also he obtained with 
phthalic anhydride and 2:ri dihydroxypyridiiie (Rnheniarin, 
Trans. Chem, Soe., 1893, dj, 876), 

Tetrahydrosyflmram, 

2 : 3 : 6 : 7 - Tetrahydroxyf Inarm (Dikydroxyfluaresmn 
Cj^IIiaO,, is prepared by heating i ;a:4-trihydroxybenaene 
(Thiele, Her., 1898, p, 1247) with phthalic anhydride under the 
conditions described liy von Baeyer for the prejiaration t»f 
fluorescein. After rci>cated extraction with Imiling water and 
crystallisation from alcohol, water being added to tin* soStt 
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tion, tlu; siiljstance is o!>laitu-<l as microscojfic leaflets showiiif^ 
a golden green reilex (I.ieluTinann, Her., Hfn, ^1, 2^m). 

fSie ak'tdiolie snhuiiiii shmvs a .strong yelUjwish green 
fluori scrnee, the cherry red alkaline solntioii is non-flnores- 
cenl whilst the .sulntiun iji coiicetitrate«i snlplmric acid is 
canary yellow in colour. 

An alternative nielhe«l of preparation is to heat 10 parts 
of 1:2:4 triacetoxybenxene with 7 parts of plithalic 
anhydride and 4 parts of concentrated sulphuric acid for a 
few niinutes to 145 ®. 

The coinpoun*! prod«ce.s orange shades on wttol anti silk 
and acts as an excellent adjective dyestuff on cotton. Alumina 
mordants give a bright orange, iron a lively violet ami 
chromiuni a rose colour. The fa.stne.ss of these shade,s to 
st»ap is .said to !>e very good. 

Tlie (tmmamum snU, form.s a dark green 

mass which dissolves easily in water with a reddish brown 
colour and very .strong, dark green fluorescence (J. Thiele 
and J, jiger, Ber., 1901. 34, 2618), 

The Utrmcetyl derivative forms nearly colourless, mi- 
croscopic prisms, m. p. 5^14 * (Liebermann). 
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Their reasons are summed up as follows ;• — 

1. Dihydroxyfluorescfin contains a carboxyl group since 
it can be converted into a carboxyic ester by a direct esteri- 
fication. 

2. The ethyl ester mast possess constitution II since it 
only furnishes a triacctyl derivative. 

3. The ester and the mother suhstance show the greatest 
similarity in tinctorial properties. 

4. The acidyl compoumls are derived from the lactonoid 
form. 

A further argument in favour of the qtiinonoitl structure 
is afforded by the, fact that diliydroxyfluoresccin loses water 


when heated for 2 hours with 7 to 8 times its weight oi eon* 
centrated sulphuric acid to 120®, yielding a cotnpouml which 
Thiele and Jaeger (lac. cit., 2619) have called violein. This is 
a dark powder which gives violet solutions in nitrobenzene, 
glacial acetic acid and aniline ; the alkali solutions are indigo 
blue and the triacctyl derivative forms a brownish violet 
powder. The formation of violein must evidently he rq>re- 
sented by the equation 


XOOH 


CO on 

CCO' 
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compounds. The acids employed were i : 2-naphthalene-di- 
carboxylic, quinolinic, diphenyltetrenic, hemipinic, dibromo- 
phthalic and tetrachlorophthalic acids. Some of these di- 
hydroxyfluoresceins were examined more fully by Osoro- 
witz {Ber., 1903, 36, 1076), notably those prepared with the 
aid of tetrachlorophthalic, 3:6- dichlorophthalic, 4 : 5 - di- 
bromophthalic and 4-hydroxyphthalic acids. 

3:4:5: 6-Tetrahydroxyfluoran ( Gallein), C20H12O7. The 
condensation of pyrogallol and phthalic anhydride was first 
effectedl by von Baeyer (Ber._, 1871, 4, 457, 663) who supposed 
that the condensation proceeded in the normal manner 
according to the equation ' 

CsH.Oa + 2 CeH.Oa = 2 H^O + 

Some years afterwards the reaction was further studied 
by Buchka (Ber,, 1881, 14, 1326; Annalen, 1881, ^op, 261) and 
the conclusion arrived at that two hydrogen atoms were 
removed by oxidation in the course of the condensation, the 
resulting gallein having the formula C20H10O7 and possessing 
only two hydroxyl groups, so that it would have to be re- 
presented by some such formula as 


CeH2(OH)— O 

c< >0 I 

c,h/ 


Since Buchka^s results were accepted as correct for 
several years, his method of preparation and observations 
with regard to the compound will be given briefly. 

To prepare gallein, i part of phthalic anhydride and 
2 parts of pyrogallol were heated for some hours to 190 to 
200 ^ the melt dissolved in alcohol and the solution preci- 
pitated by. water. Solution and precipitation were repeated 
several times,* the gallein then acetylated, the acetyl derivative 
rq^eatedly crystallised and finally hydrolysed by alcoholic 
potash* 

Prepared in this way, gallein occurs as a Brownish red 
powdier or as small crystals with a green metallic lustre, 



,1 
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difficiilily solulile in ether and in hot water, li diKMiIvr.H 
easily in alcidial with a dark red cuhnir, bnt h not taken up 
liy elihirnfrinii or lienzene. The .soliitkin in cnld euiieeti! rated 
snlplniric acid in dark red; when Ihiji m lieated l« 

the gaHein loses ilie elements of water and is eoiivnied 
into coeruleim 

A small amomil (d alkali dissolves galleiii with a red 
colour, hut a hhie solution is otuained if the alkali is added in 
excess. hVom tliese solutions, acids jireeijiifale gallriii; wiirii 
sulphur dioxide is tised as precipitant, some of tl rniiaiiis 
comhined with the* gallein. 'rite sfdislitms in annmiiiia, 
and liaryta wafers are violet in colour. 

Accairclsng lo Ihirhka, refltielion willi ^tiie diisl and 
potash first gives hyflrmjalidn fd) 

/;ridniib. 


rjh( >o 

CO 

I 




CH<^' 




coon 


f-M.iOH), 


;<0 


n 


and then ffaltin (11). Kcdiiclion wilh aiul ».ul}*hur!i,' acitl V 

yields gallol, , 

ilydmgtilk-in was dest rtfHHl j»y iUirhka (hw. rif , as * 

crystalline; it was .stated to Rive a ti'lrnmclyl derivative, in, p. i 

247“-248", on boilinj; with acetic anliydri'le. According to 
Herzig, the correct tnelting point is whilst Orn- 
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acid, Buchka prepared a dibromogalleinl to which he assigned 
the formula CaoHgBrgOY. This compound- formed golden 
green, glittering crystals ; it dissolved readily in alcohol and 
acetone, difficultly in benzene and chloroform. The alkaline 
solution was of cornflower-blue colour, that in ammonia a 
dark violet. On acetylation, a tetraacetyl derivative of the 
formula C2oHg03Br2 (CaHgOg)^ was produced; this crystallised 
from glacial acetic acid in leaflets, m. p. 234 

It will have been noticed that according to Buchka, 
gallein is not a direct condensation product of phthalic an- 
hydride and pyrogallol, but is formed with elimination of 
two atoms of hydrogen. At the same time, both gallein and 
dibromogallein yield derivatives of a compound 
when acylated, Buchka referring to this parent substance as 
'‘hydrogallein”, although it should be the direct' condensation 
product from phthalic anhydride and pyrogallol. Further 
reduction of ''hydrogallein” leads to ^'gallin’', just as fluores- 
cein yields fluorescin on reduction. 

J. Herzig {Monatsh., 1892, 15,422) was struck by the fact 
that quercetin and other coloured substances of high mole- 
cular weight give rise to colourless acetyl derivatives, and 
the question arose as to wliether the latter might not pos- 
sibly correspond to the leuco-compounds, reduction taking 
place during the process of acetylation. This view turned 
out to be incorrect, but it was found that in many cases! the 
acetyl derivatives of corresponding coloured' and leuco com- 
pounds showed a striking similarity. Acetylfluorescin closely 
resembles acetylfluorescein in appearance and melts at 200 
to 202^, but the substances are not identical. 

Herzig extended his work to the acetyl derivatives of 
gallein and gallin. Hydrogallein,j as an intermediate product 
of reduction, could not be isolated, whilst the melting points 
given by Buchka for the acetyl derivatives of gallein and 
gallin respectively were corrected to 234 — 237*^ and 211— 
213®. f 

The doubt cast on Buchka’s results by Herzig led to 
researches on the part of W. R. Orndorff and C. E. Brewer 
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(Amcr. Chcni. 1900, 2^, 425: tyoi, 26, 97). CJaliein, the 
direct product of the condensation of phthalic anhydride and 
pyrogallol, has the formula CsnH,/>t: «« reduction it gives 
gallin, CjoH,/),. These results accord with those olnaituHl 
by von Bayer (Her., 1871, and the relationships of 

the two compounds may he expressed by the f«)nnnlae 


OH O OH 


OHO OH 

0 :f'YV^O^^ 


""000"” “ "ax) 


c 

C.H«00 

CO 


Gallcin 


C 

C,II*COOII 


OH O OH 

CH 

C.ll CUOU 
(iiiihn 


For free gallein, Orndorfif and Brewer prefer the 
({uinonoid structure, the substance giving rise to methyl and 
ethyl esters both of which are crystalline and red by trans- 
mittcrl light. Phenylcarhimirle gives a light yellow st»H«l 
which doe.s not melt sharply; since its formula is 
(CO - NII-QHj)a, it appears that free gallein cantaims only 
three phenolic hydroxyls; this agrees with the presence of 
an easily esterifiablc carboxyl group. 

Acylation tends as usual to favour the lactoimidconfigiira- 
tion and the tetraacetate, tctrahmznatc ami tetmhensenesul^ 
phomte were all obtained as colourless compounds. 

Judging from the analogy of fluorescein, we might exjiect 
alkyl derivatives of both the laclonoid ajul cpiiiwmoid forms. 
The mmiomethyl ami nwmwthy! esters mentitmetf alxwe are 
coloured and easily hydrolysed, there is m doubt as to their 
quinonoid structure. 

There arc two ietramethyl ethers; one of them forms 
colourless needles melting at 195* (I); since it is imadtihle 
in aqueous potassium hydroxide, even on boiUng. It must be 
a tetrahydroxyfluoran. The other tetramethyl ether (If) 
occurs as dark red monocUaic pyramids, in.p, 199*, and is 
readily hydrolysed by sodium carbonate solution to a 
colourless trimethyl ether, m. p. *39* (III). The latter com* 
pound resembles phenoiphthalein and gives an acetyl deri* 
vative, m. p. (IV) ' 
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CH ,0 0 OCH, 

CHgO 0 OCH, 
O^O^OCH. 

C,H.<^0 

CaH,/ 

XOOCH, 

I 

II 

CH5O 0 OCHj 

CHaO 0 OCH, 

HOO^OCH, 

ch.cooQQQoch, 


CeH*<^0 

III 

IV 


Similar tetraethyl compounds have been prepared; the 
colourless and coloured forms melt at 144 and 155® respec- 
tively. 

On, account of the neighbouring hydroxyl groups, gallein 
is capable of forming lakes and found a somewhat limited 
application in cotton printing for the production of greyish 
violet shades. Fixation can be elfected by printing in ad- 
mixture with aluminium or chromium' acetate and subsequent 
steaming. 

In manufacturing gallein, it was found to be unnecessary 
to use pyrogallol obtained by heating gallic acid, since the 
latter compound may be condensed directly with phthalic an- 
hydride, carbon dioxide being evolved during the process 
(Giirke, D. R. P. 30648/1884). 

According to the specification, 37.6 kilos of crystallised 
gallic acid, which may or may not be dehydrated! by heating 
to 100 ®, are mixed vrith 17 kilos of phthalic anhydride and 
heated in an oil-bath to 220 — 235^ until the melt solidifies.. 
The mass is powdered, extracted' with water, dried and then 
treated with 5 parts of alcohol. Gallein passes into solution 
and after distilling off the alcohol is left in a condition for 
converting into coerulein. 

In an additional patent (D. R. P. 32 836/1885), Gfirke 
claims the production of chlorinated galleinS by condensing 
chloro-derivatives of phthalic acid with gallic and conversion 
of the resulting galleins into coeruleins. 
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Camdeim. 

Coerulcin (from Gallein), Acccinliii^tti iUivyvr, 

tliis compound is formed l.>y i pari of gailrifi witli 

20 |)arts of concentrated sulphuric aciti to 2ck'I'* aiid poiiriiif^ 
into a large excess of water (ihr,, iHji* 55t>,t¥i3). The 
Iduish black mass assumes a metallic glance wlieii riiltlieil ; 
it is very sparingly sohtide in water, akadiol aii«l ciiirr. 
Glacial acetic acid disscdves it inma* rea«lily ftiriiiirig a tliriy 
green solution, the alkaline solutions are greein lliat. in 
centrated sulpliuric acid is olive browm 

On reduction with aiinnonia and ^.iiic dust, it is c*iiivrrlr*l 
into the corres|ion<!ing coernlin which may he o-xiilisetl back 
to coeruleiii (Htichka, Amwlen, 1^1, 

When eoerulcin is distilled with zinc dust, |i!ieiiylaiilhra.- 
cene is formecl as a iiroduci; frtiin this it. nmy lie coiiclisdecl 
that: Ciiernlein is produced from gitlleiii in the following 
manner 


ono QH Olio on 



Confirmation of tins slriicltirr is given hy t.triiilorff aiiil 
Brewer ; aieriilein gives a Irimeiyt am! ccieriilht a fftiltfui clyl 
derivmtife. 

0 

Cocrulein found finployim'itt in cotton printing, giving 
dull olive to dark green siiatJes when uised in conjunct i«»i with 
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replaced by ''monohydrate” or fuming sulphuric acid, much 
better yield's of dyestuffs of coerulein type are obtained ; this 
discovery formed the subject of patents taken out by Meister, 
Lucius and Briining (Brit. P. 7170/1895; F. P. 246472; 
D. R. P. 86225/1895). 

Example i. Stir up eosine with 5 times its weight of 
fuming sulphuric acid (20 Va SO3) heat to 125 — 130® until a 
sample which has been precipitated by excess of aqueous 
alkali and some sodium chloride solution gives only a feebly 
pink filtrate. To reach this point, it is necessary to heat for 
about V4 hour. After cooling, pour into an excess of water, 
filter off and wash the flocculent precipitate which may be 
used directly in paste form or converted into the sodium 
salt by solution in sodium carbonate and salting out with 
sodium chloride. 

The dyestuff thus obtained dissolves in alkalies with a 
bluish green and in concentrated sulphuric acid with dark 
cherry red colour ; it is insoluble in water, sparingly soluble 
in alcohol and dyes chromed wool a bright bluish green. 

If the dye, obtained as described, be heated with a 
small quantity of water to 130 — 150^ it is converted into 
another product which dyes yet greener shades which are 
faster to milling. This substance dissolves) in alkaline alcohol 
with bluish green colour which is stable on exposure to light, 
whilst the colour of corresponding solutions of the first com- 
pound soon vanish under the same conditions. 

Example 2. i part of the dye prepared according to 
example i is heated for 2 or 3 hours with 10 parts of ordinary 
concentrated sulphuric acid to 150® The solution is poured 
into water and the new dye either used as paste or converted 
into the sodium salt. 

Example 3. The operations of the foregoing examples 
may be combined in the following manner, r part of eOsine 
being heated with 5 parts of oleum ( 3 D Vo SOj for about 
V4 hour to 125 — 130°, excess of sulphur triomde removed 
by adding ice and the heating continued for a or 3 hours at 
150®. ' ‘ 
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The patent states that the shades prculuced an chromed 
wool by the dyestuffs prepared from various halogenated 
fluoresceins arc as follows. 


Tetrabromofluorcsccin 

Dibromofluoresccin 


Green. 

Blue fjreen ; dark .shades, 
black green. 

Grey blue. 

Green, 

Green. 

tireenish grey. 

Grey green. 


Tetraiodofluorcscein 
Dichlorotctrabromofluorescein 
Dichlorotetraiodofluorescein 
Tetrachlorotetrabroinofluorcscein 
Tetrachlorotetraiodofluorescein 

An additional patent (D. K. P. 97b4o/fH<j7) states that 
the product (paste form) formed by Iteating 20 kilos of eosine 
with oleum as descrilnul in example l (I). R. P. may 

be converted into a useful dyestuff by dissolving it in Boo litres 
of water and 9.5 kilos of caustic soila lye (30* Ite.) and 
warming for (»ne hour to 50— 70*. this operation bring 
alternative to the methiKf of heating with ordinary sulphuric 
acid as previously described. 

Coemlein from Fluorescein, Von Baeyer's preparation of 
a coerulein by heating fltiorescein with concentrated sulphuric 
acid was confirmei! by Meister, Lnciiis .and Kriining (!>, R. P. 
98075/1897) 'who, however, found it .advantageous to add 
other mineral acids (phosphoric, boric disc.), or their an 
hydrides, the product being finally halogenated. 

Example 1, 15.5 parts of the resorcin coerulein {in 

paste form) arc suspended in 400—500 parts of alcohol {95**/») 
anti 16 parts of bromine slowly added with continual sfirriug. 
Mtich of the dye separates directly, the reitminder is »di. 
tained by addition of water. 

Example a, 19 parts of rcsorcin-eoeruJein in 400 to §00 
parts of alcohol are treated with 13 parts of Iodine, 3.9 jiarts 
of iodic acid and 10 parts of concentrated sulphuric acid. 
The mixture is well stirred and warmed for one or two 
hours at 60—70* and the ^eituff preetpitated with water- 
Examplc 3. 9 parts of the coerulein prepared from 
dkhlorofluorescein are disuolved in about 750 cc, of water 
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by the aid of 15 parts of caustic soda lye (30 Vo Be.). 40 to 
50 parts of concentrated hydrochloric acid are then added 
and immediately afterwards 16 parts of bromine dissolved 
in 32 parts of caustic soda solution of 30® Be. After stirring 
one hour, the product is washed and dried. 

The products are apparently very similar to those describ- 
ed in D. R. P, 86225. 

Sundry compounds of Fluorescein Type. 

In addition to phthalic acid and its substitution deriva- 
tives, many other dicarboxylic acids may be condensed with 
resorcin yielding compounds with most of the properties of 
fluorescein itself. Generally, the dicarboxylic acids employed 
contain the carboxyl groups attached to neighbouring carbon 
atoms; thus succinic, maleic, citraconic acids &c. may all be 
condensed to fluoresceins. On the other hand’, resorcin may 
be replaced by various metadihydroxy-compounds, e. g.; 2 : 6- 
dihydropyridine, i : 3- (and also i : 6-) dihydroxynaphthalene 
&c. Since most of these compounds are of no technical im- 
portance, they will only be briefly considered except in those 
cases where attempts, successful or otherwise, have been 
made to introduce them commercially. 

The condensation products of the general type 

O 

hcVY^Aoh 



formed from resorcin and the following, acids have been de- 
scribed. 

Succinic add, Nencki and Sieber, J. pr. Chem,, iB8t,nr 

^ • 

Maleia acid, Lunge and Burckhardt, Her., 1884, 17, 1598; 
Burckhardt, Ber,, 1885, 18, 2864. 

Citraconic acid, Hewitt, Trans. Chem.Soc., 1894, 63/677. 
Diphenyltetrenedicarboxylic acid, T. Lanser andi B. F. 
Halvorsen, Ber,^ 1902, 55, 1410. • 
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Naplitlialic acid and its substitution derivalive*^, L. bVaii- 
ccsconi aucl Cl. IkirgelHni, (kizzetta, inJJ- 

M'elHtic and pyromelHtic acids, {.), Kilberrad, 1.3 S. Hoy 
and W. li. (.ilovcr, Trans, Chem, Sac., igcfh 17H7, 

It is only in the case of mellitic acid llial an attriii|il 
seems to liave l>een made to introduce llie condriisatioii 
products comrncTcially (O. Silf^errad, l»rit. 13 
compare Read Holliday and Scms Ltd, and (K Sillicrntd* 
I). R. .P, 214 252 for a process for ttiaiuifacitiriiig iiicllilic acid 
from charcoal), 

Silberrad and Roy found that pyroiiirllitir acid arii.1 rr- 
sorciii gavt* a ciiresfirciiiolijyroirirllitein 


O 



whose tetrahra.iii 04 lerivtttve dyed silk and wool a i^rillianl: 
cvkmont whilst the alkaline iolulioms of the telraioda^niiii- 
pound pmseised a fine deep red colour. 

* Dixanthyl derivatives (lelraresorciiicilniellileins) may 
result from the condensation of mellitic acid %vitii retrirciti 
in either of two ways giving rise to a jKiir ni isciniericlei 

O 



The first of these .incllileiiii dym iilk till' wool i« hrownlil 
yellow^ the octaliroiii04erivativ€ in pink ihwlta The itcoticl 
(lymififtrktl) melliteiti dyes sii ami wool flit oeto* 

tironio4erifative gives a browiith .pink. 




i 




f 
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The liexaresorcinolmellitein 


O 


HOA/^Q( 


'lOH 

HO OH 

C(OH) <f\ 
CO,H(^CO,H ^ 
(HO)CUC(OH) WO 

O OOJi O 

HO OH 


dyes silk and wool yellow, the corresponding dodecabromo- 
compound red with a tinge of violet and the dodecaiodo- 
compotind pink. 

The patent referred to also describes nitro-compounds 
as well as the condensation of pyromellitic; and mellitic acids 
with dialkyl-w-aminophenols. 

A colouring matter is obtained when 44 parts of di- 
resorcin, m. p. 222 ^ 

<00H 

OH HO 

are heated for 3 or 4 hours with 15 parts of phthalic an- 
hydride and 18.5 parts of zinc chloride to 160® (Bayer and 
Co., D. R. P. 90341/1896). The melt is extracted with hot 
water and dissolved in hot dilute sodium carbonatei solution ; 
saturation with sodium chloride separates impurities which 
are filtered off and the dyestuff is precipitated from the 
filtrate on acidification. 

Wool is dyed from an acetic acid bath in fiery bluish 
red shades. The lakes obtained with chromium salts are said 
to be fast to milling. 

Naphthofluorescein, ‘ 



O 




fijNTimTtc oowumsa matteus 


was prepared by Bayer and Co. (D. R. P, R.t<;>oo/ 181)5) 
condensing 45 parts of naphthoresorcin (i : 3 -diliyilrimy- 
naphthalene, and 25 parts of phthalie, anhydride either by 
heating with 20 parts of 7 inc chloritle for 10 hours at 21 >0" 
or for the same time with 40 })art.s of phosphorus pentoxifle 
at 130*. 

The compound much reseintdes t»rdinary (lijoresciin Imt 
dyes silk red instead of yellow. 

6 : (i’Dihydro.rynaf'lithiifiuiiran 


I his compound was discovered by K. Kdnig ami its pre 


275897/1913). According to the specification, 10 gram* of 
1 :6-dihydroxynapblhalene and 10 grams of phthaiic an- 
hydride are healed in an oil-bath to 180—300*; steam i» 
abundantly disengaged for the first half hour, the melt then 
goes solid. It is dissolved in flilute caustic «oda and prccipi. 
tated by acetic acid. The proportions of the components 



HYDBOXYL DEBIYAr/VBS OF FhUORAN dbc. 


337 


Further details as to the properties of dihydroxynaphtho- 
fluoran appear in a joint paper by O. I'ischer and E. Kdiiig 
(Ber., 1914, 47, 1076). 




When phthalic anhydride and t : 6 (lihyilroxynaplitiialene 
are condensed together there are two possibilities ; either the 
naphthalene nucleus is attacked in |»08ition 2 or in position 5. 
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since diazonium salts give rise to bisazo-compounds which 
are insoluble in both caustic and carbonated alkali ; i. e. the 
bisazo-compound behaves as if it were derived from 2- 
naphthol and possessed the constitution 



lOH 

'n:N*K 


According to the conditions, the substance may be re- 
presented by either the quinonoid formula (I) or the lactonoid 
formula (II). When the alkaline solution is acidified with 
acetic acid the dihydroxyfliuoran separates as a voluminous 
red precipitate and dries to a red powder. The freshly precipi- 
tated substance dissolves readily in ether ; the dried powder 
is nearly insoluble but if covered with ether, the red colour 
disappears, the compound being converted into a greyish 
white powder. 

Fischer and Konig studied the action of a number of 
solvents ; the co-loured quinonoid form seems to be favoured 
by water and traces of acids as well as by petroleum ether. 
The separation of colourless crystals, supposed to contain 
the lactonoid form, is favoured by those solvents such as 
acetone, methylal, pyridine and benzene which themselves 
partly separate with the dihydroxynaphthofluoran as solvent 
of crystallisation. Thus colourless crystals, CjgHieOg, 
2(C2H5)20, are obtained by dissolving dihydroxynaphtho- 
fluoran in methylal, filtering from any dark resinous flocks, 
adding 3 to 4 volumes of ether and a small amount of pe- 
troleum spirit, again rapidly filtering, if necessary, from any 
coloured substance and allowing to crystallise. Colourless 
crystals of the composition C^^HiePs, 2 CsHeO are also 
known ; they lose their acetone of crystalHsation on heating 
to 140^ and leave the red! quinonoid form. 

Colourless diacetyU (m. p. 180®) and dibenzoyU&ttwz- 
tives were prepared; methylation gave a mixture of com- 
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poiiiicls (sfimc of tliiiii coloured) from which a colourless 
dimethyl ether was isolated, llic last named compound <]ar» 
kens on heatiiif^ above 2 ck>** and decomposes completely 

about 

The hydroi htaride, f llCd, separates as a scar- 
let, cryslalliiir precipitate when hydrogen chh'iride is led into 
;t solution cjf tlie fliioran in inelhyla! or ether. 

(formula given af,iove) were firepared 
ill which E and 

C:i‘QH,. 


CHAI^ER XVr. 


C’CONSTITUTIOK OF KIIODAMIMES. 

Tlie rlioiiimiiies form a class of tlyestuffs very nearly 
related to fluorescein and its derivatives. Whilst fluorescein 
is 3 :fwJi!iydroxyfliioran, RlwdamhwB is the corresponding 
tetTaetJiyb3:64liainlriofiiioraii. It was discovered by Ceresole 
in 1SB7, pfilfiific anhydride being fused with two molecular 
propcirlions of dieliiybriMtiiifiophenol 


C.H,<^JJ>0 + a C.H.(OH)(N(C,H,).}, . 


{C.H,), 


.311,0 + 


K0j0«<C.«. 


C.H,<>0 

CO 


It wfU be seen that the reaction is analogous to that 
which fakes place when phthalic anhydride and resorcin are 
fused together : 'the dye proved to be of considerable! value 
and the methotl of preparation was protected by the Radische 
Anlliii. «nd .Soda-Fabrik (Brit. P. 15374/1887; V>. R, P. 
44 002/1887). 

An alternative method of preparation was discovered by 
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Iloniolka an<i Btkk-kttr in the following year and pati iite«l by 
Meister, Lucius and Briining (Brit. 1 *. f/K)r>/iKHH, D. K, 1 ’. 
48367/1888). 'Pile reactivity of the chk>rijH* atfujis in 3:6 
dichlorofluoran (fluore.scein chloride) is so cunsiderabh' that 
dialkylantino group.s rei>lace the rhloriju’ afonts when the 
substance i.s heated with secondary diaikylarnines. 



ludlotviiig o!i these two chief |>atei}ts, a nutiibcr of aildi- 
tional patents were taken out l»y the two firms (the Badische 
Co. and Meister, Lucius and Itrnning) chiefly concerned. 

The behaviour of dichlorofluoran is evidently not Mnu|«e 
but shared by other esters of fluorescein. It has, for instance, 
been found that rhodamines are produced by the action of 
secondary amines on the arylsulphonic esters of fluorescein 
(Meister, Lucius ami Bruning, D, R. P. 11041 5/1 899), 

A few years later, the Bascler clicmische Fabrik, Bind- 
schedler obtained patents (D. K. PP. 85931/1894, 871^/ 
1894, 132066/190J) for the condensation of eijuimoleeular 
quantities of phtlialic anhydride and <li.a!kylaininophenol* ; in 
this case the intermediate dialkylaminahydroxybeiKoiyl- 
beiuoic acid were isolated. 

H(V%MK 

C,H.<^^+ »0QN“. V 

When these compounds were condensed with a further 
molecular quantity of dialkyiaminopbenol, rbosfsmine# Iden- 
tical with those produced by the methods already mentioned 
were obtained. ApftUcatioiif (B. Kf. aa of 3. I>ec. 1694 

and B. 17374, Kl, aa of 13. Mar. 1895) made by the B»»d- 
schcdler firm for the protection of this second reaction were 
refused by the Clcrman Patent Office. It it fairly evident that 
the formation of a symmetiletd tetraalkyl subiniluted rhml- 
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amine must be preceded by the intermediate formation of 
the substituted benzoylbenzoic acid-, so that D.R. P. 44002 
covers the combination. D. R. P. 85931 relating to the pro- 
duction of dialkylaminohydroxybenzoylbenzoic acids was 
allowed and the reaction was subsequently made use of. Thus 
when dimethyl- and diethyl-m-aminohydroxybenzoylbenzoic 
acids are condensed with 2-amino-4-cresol an asymmetric 
rhddamine is obtained (D.R. P. 96108/1896). 


NH, 

CHa 


()°« +c.h4 



OOH 


NR 


2 HaO + 


O 





The corresponding ethyl ester of the dimethylhomo- 
rhodamine is known as Rhodamine 3 G, 3 G extra (Badische) 
or Irisamine G, G extra (Cassella) (Brit.P. 4985/1895 ; U. S.P. 
584119; F-P. 245593). 

It is also possible to use resorcin or its monoalkyl ethers 
in place of w-aminophenols for condensations of this type. 
For example, Brack condensed monomethylresorcin with 
dimethylaminohydroxybenzoylbenzoic acid and esterified the 
resulting compound. The ester ptepared in this way 


O 



N(CH.),Cl 


CeH.<, 


COOCH« 


forms the dyestuff Rhodine 12 GM of the Gesellschaft fiir 
chemische Industrie in Basel. 

As far as the condensation of w-aminophenols with the 
aminohydroxybenzoylbenzoic acids is concerned, D. R. P. 
106720/1898 states that ammonia is also liberated so that 
not only a rhodamine but also a rhodaminol or rhodol is 
formed at the same time, the amino group of the amino-;^* 
cresol being replaced by hydroxyl. 

WMIst fluoresceins produced by the condensation of 
aliphatic add anhydrides with resoircia Jhave received no 
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technical apfjlication, tlie rhoclainines derived frtiiii 
anhydride proved be very useful fonipoiiiids. llir dyrsliiff 
known as Rkadapnine S was <liscovered by Kahn aiid Majerl 
in 1K8S; it is tlie product of the C(>iKic;iisalic)fi of siicciiiir an- 
liydride and dirnelhyl^ (or clietliyl) afniiiopheiiol and i-'i 
usually marketed as the ?:inc dotifde salt of llic? chloridr 

O 

(CH,),N0^jQtN((:H,),CI 

('■ 

ill, CH, COOH 

An altfrn.'itivc iiu-tluxi for the [ircparatuiii »♦{ tiiin rlitw! 
amine con'tistjt in livating Kuccinllnorfitcciii with iliiiiclhyi- 
amine to 170— atjo**. 

It will have been iioticetl that the rhoilaniiiU’s tlieinsclves 
are represented as alkylated 3 ; 6-diaminofl«i>rans (I); in (act, 
fur a tetralkylatcd prrahict any other constitution seems iin- 
I)rohahlc, I'or the salts of such a hast* one miKht asstune tliat 
the acid merely added itself to one td the tertiary nitrogen 
atoms or, alternatively, a pararpiinonoid structure (II) such 
as has alreatly been used, tjr even an «>rtho«|!iin«»noitI formula 
(III) representing the salt as an oxoiitnin coiitjjoiind. 

■Cl 

8. 
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flocculent precipitate is produced which dissolves in ether 
giving a colourless solution. There is thus some reason for 
assigning different constitutions to the base itself and! the 
salts which it forms with acids, to the former that of a fluoran 
compound, to the latter a quinonoid constitution. Whether the 
quinonoid structure of the saltsi is para (II) or ortho (III) is 
a matter of speculation, it seems more reasonable to prefer 
an ammonium to an oxonium structure since the salts, are 
stable and show no signs of hydrolysis. 

But that the salts are really quinonoid and contain a 
free carboxyl group and are not formed by mere addition of 
acid to a dimethylamino group rests on more secure evidence 
than that afforded by the production of a coloured salt from 
a colourless base. 

Monnet discovered in 1891 that ethyl chloride reacted 
with the base of Rhodamine B yielding a compound which 
was hydrolysed on warming with caustic soda giving once 
more the base of Rhodamine B. Monnet interpreted his 
results incorrectly, assuming that alkylation of the hydroxyl 
groups of the dialkylaminophenol residues had been effected ; 
owing to this misinterpretation he called the new compound 
^^anisoline'\ 

Bernthsen explained the alkylation in a different man- 
ner, either alkyl halide adds on to a tertiary dialkylamino 
group, or else the halogen attaches itself to the' dialkylamino 
group whilst the alkyl enters into carboxylic ester union. 
The latter is evidently the correct interpretation for rhod- 
amines (as hydrochlorides) are converted into anisolines by 
treating their alcoholic solutions with hydrochloric acid gas 
(Bernthsen, Chem. Zeit., 1892, 16, 1956; D. R. PP. of the Ba- 
dische Co. 66238/1891 and 73451/1892). 

Thus the salts of rhodamines and anisolines show the 
usual relationships of organic acids and thieir esters; the 
former are converted into thel latter by the usual means, and 
the latter are hydrolysed if subjected to the action of alkalies. 

Normal esterification of Rhodamines may be effected 
even when the anuno groups are not fully alkylated; thus 
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Tieriilh.Hcn found that the reaction might he ajiplier! I** tiir 
rhoclarninc o!)tainecl hy condensing namoetliyl “ m 
phenol witli plithalic anhydride. The resiilling ciliy! irfilrr 
possessing the constitution 

O 

C,H.NHQ/'^:Nn(C,IU)CI 
f n 

• ‘>CC)OC,H, 

form.s the dyestufT known as Rhmiaimm fiVi, ^>Ct t'Xtrit (Brit. I*. 
</>33/i 892; U.S. B. 516584; F. I’. it -’5 34 S : !>• I< I’l’, 73573/ 
1892, 738B0/1892). 

Esters can also be formed in wliicli aryl take the jdaee 
of alkyl jfronps. Meister, Lucius and Itruning 1 < T. 
84656/1893) effect the esterification by means (»f jdiosjdiorus 
oxychloride an<f phenol, cresol, naphthol, nitropfienol or re- 
sorcin. The Itadische Co. carry out a similar esierificafion 
using pyrogallol, in virtue of the neighbouring Ijyilroxy! 
groups in the resulting product, it is a mordant dyestiifT 
h^rit P. 10 194/1894; F. P. 237757; !>• J*- ^7 » 74 /*S^>l). 

Various methods for introducing alkyl gonips i»lr» rhr«!- 
amines have been used; thus Mcisler, Lucius and Briining 
have employed the esters of /t-tnluenesulphonic acid (IJ.K.PP. 
121200/1899, ifSS 474/190*) dimethyl sulphate (D. U. P. 

121 201/1899). 

The Khadamimils or Rhodds form a class intermediate 
between the rhotkmines and fluorescein. Of the positions 3 
and 6 in the fluoran nucleus, one is substituted by an amino 
group (which may itself be alkylated or aryktetd), the other 
by hydroxyl : as has been pointed out in the case of Hhoilinc 
12 GM, it is also possible to have compounds in winch alkyl- 
oxyl is present in place of hydroxyl. 

As seen above, rhodols are produced by the condensation 
of 4-dialkyIamino-2-hydroxybcne0ylbcae<rfc adds with re- 
sorcin anil its derivative; they were first prepared by the 
compliTOentary reaction in wWch dihydroxybesuoylbcneoic 
acid was condensed with alkyl-tsMuninophenofs (Bayer and 
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Co., D.R. P. 54085/1889; compare Badische Co., D. R. P. 
54684/1890). 



CeH,-COOH 


O 

2 n,o 4- 


Cassella and Co. described a third method in which 
fluorescein was condensed with secondary amines, one of the 
hydroxyls being replaced by a dialkylamino group. 

The rhodols, like the rhodamines, may be esterified; 
numerous patents were taken to protect the processes 
employed (Meister, Lucius and Briining, D.R. PP. 116057/ 
1899, 119061/1899, 115991/1899; Cassella and Co., D.R.P. 
122 289/1900). 

A distinct variation in the employment of rhodols 
consists in their nitration whereby mordant dyestuffs are 
obtained (Durand, Huguenin and Co., D. R. P. 245 231/1911). 

The rhodainine and anisoline are usually employed as 
basic dyestuffs, but acid dyestuffs may be obtained from them 
by sulphonation (Meister, Lucius and Briining, D.R. PP. 
79856/1892, 80777/1892, 84773/1895, 8588571895, 87977/ 
189s, 94398/1895, 119757/1897; Fritsch, D. R. P. 91604/ 
1896; Badische Co., D. R. PP. 96668/1896, 98971/1896, 
98972/1897). 

■ Stilphonic acids of rhodamines can also he obtained by 
• using as components compounds which are already sulphonat- 
ed. Reference may he made to the use of sulphonic .acids 
of m-hydroxydiphenylamine by the A. G. f. Anilin-Fahrikation 
(see D. R.P. 76415). ' 

Amongst sulphonic adds of rhodamines, the Violamines 
of Meister, Lucius and Briining call for first mention. These 
dyes were discoirered by Bodeker in 1888; 3:6-dicMoroflnoran 
was acted on by aniline and its homologues (D.R. PP. 
49057/18^, 53300/1889; F.P. 201660) and the resulting 
diaryldiamittofluorans (diarylrhodamines) sulphoruited tod 
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converUnl into socliiirii .salts. Thus Vti4mmne H i»r fast At fd 
VidiHB is ohtaiiieil by usini^ aniiiiH* i^r /» 4 filiiiiiiiii‘ : if'* ' 4 riic- 

itire is repre.sentc*<l fiy the furitnila 


NaSOj.C.Ff.NUpj 


Past Acid i'iolcf AjH i"- siiiiiiarly pjciani! with ihc 
aid of D-ttduidim-, whilst in Ilin fas** of Acid K‘huimntc A or 
Violaminc G, nicsiiliitf is cmiiJoyfd as (irimary aryhiiniiic 
(D. K. P. ff?H44: !•'. P. an trfKJj. Wlifn !ftraeliJiir«». 

iluoran rracts with primary hasrs. tin? ehluriiie atoms in 
positions ,4 ami 6 arc replaced iij the nsnal way: if ^ jdicnct- 
idine he the base employed and the rcsuhiriK rliwlaininr be 
sulphonatcd, a tlycstuIT k«i«ivvn a* Past Acid Blm H is ob- 
tained. Thi.s dyestuff, *ii»coveri;*i by B«kleker in was 

introduced by Mci.ster, I.ucius and Bruning irither alone «»r 
as a mixture umfer tin; name of I’itdamim' jH. 

Fast Add Eosine G and Fast Add Phtaxinc A «*f Meisler, 
Lucius and Bruning are obtaine*! f>y sMlpitonating Kh*i*fani- 
ine with fuming sulphuric acht (Brit. !*, F. P. 

253813; U, S.P, 643893: IX R. P, 87977). 

The so-eallcd Sulpbiirhudaminc {Brilliant Kitati Kcd or 
Xylene Red) is properly a nrsainim*, it was di»e<*vere«l by 
Steiner in 1903, i-Vir its f>reparatioti, bniyablrliydr dind- 
phonic acid is contlensed svith two molecules of *li»'tbyl mi- 
aminophenol and the product oxidised ({>. K, P *^15758). 
The dyestuff has the constitution 



All rhodamines far considered have ecmiained only 
one fluoran residue; It l» fwssiUe to link two such reiWues 
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le action of formaldehyde. A dyestuff of this 
the Rhodamine 12GF of the Gesellschaft fiir 
I'ustrie, Basel, discovered by Brack in 1898 
'/1898; R P. 280915; U. S. P. 6 i 3II3;D.R. P. 
rhodol formed by condensing dimethylamino- 
^Ibenzoic acid and resorcin is esterified and 
by formaldehyde ; the constitution of the dye 
ven by the formula 

r ^ -I 

rH, [^C,H,(0H)<^C,H3 ; N(CH,),ClJ^ 

C.H.COOQH, 

itig rhodamines, i : 2-dicarboxylic acids are not 

acids which yield anhydrides may be em- 
oateiits of the Badische Co. relate to the pre- 
hodamines using phthalonic acid (D. R. PP. 
092 of 1895); they are not of technical im- 

Loclamines are carboxylic acids, they should 
both amides and nitriles. This appears to be 
Meister, Lucius and Briining have prepared a 
ides by acting oni rhodamines with phosphorus 
tid secondary bases in succession (D. R. PP. 
4.854/1896, 116416/1900, 118074/1897). 
f the Rhodamines formed the subject matter 
the Badische Co. (D. R. P. 81 264/1893). 

: has been made to the production of com- 
ling the xanthene group by condensing arnino- 
benzaldehyde-sulphonic acids and subsequent 
e compounds described by the Society chimique 
Rhone (D.R.PP. 100779/1896, 100780/1897) 
by condensing saccharin with aminophenols 
utist evidently be nearly related. 

:ed rhodamines* containing more than one xan- 
ave been described by O. Silberrad and C- S. 
r. Chem. Soc., 1910, 1:89). Reference has 
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already been made to the condensation jirodnets (»f nn-llitic 
acid with resorcin (St‘e P. 334). By usinj,' m aininophentd and 
its dimethyl and diethyl derivatives, polyxanthyl rhotlamim"; 
were prepared. Thus from two mtdecnles of dimethylamin«>- 
plienol and one of tnellitic acid a comjiound was ol*tainei! 
which contained one xanthyl group ami might be regardecl 
as tctramethylphthalrhodamine tetracarboxylic acid. 

When four molecules of diinefliyl-m.ainiiiophcnol %vere 
condensed with one niolecnle of mellitie acid by heating for 
8 hour.s at 160 a rhodamine with two .xanthyl resithies was 
obtained (loc. cit., 203). 'flii-s compound differetl from an 
feomeride wliich was prei»ared liy heating 6.84 parts f»f 
mellitie acid, ti parts of dimethyl Mf aniinophenol and 4 parts 
of eoncentrated .sulphuric aci<l for (* hours to tyo”. 

When sulphuric acid is absent, the secoml xanthyl gTOH|» »s 
formed in the para j)osition the first : in presence of sul- 
phiiric acid, the secoml xanthyl group occupies the inela 
position. This vva.s demonstrated by converting the dixanthyl 
compound formed in presence of sulphuric acid into the 
corresponding trixanthyl compoum! (Dodecameth^4-j, f, j”, 
< 5 , 6 ', 6 ''-hejeamino-p, p\ p"4rihydrox-y-syMtrmmlhylheHSiimt' 
2 , 4 , 6 -tricarboxylaftme) by comlensing it with two further 
molecules of dimetbyl-w aniinophenol. Tim trixanthyl coni* 
jjound can also be directly jirmluced from an intimate mixture 
of 25 parts of mellitie acitl, 62 parts of dimethyhm-amino. 
phenol and too parts of concentrated sulphuric acid by heat- 
ing gradually to and maintaining at that temperature 
for 8 hours. 

The nomenclature used above is that of the authors who 
assign lactonoid constitutions to their compounds. They 
also arrive at the conclusion "that it may be regmrdcil a* 
fairly proved that the presence of qumoidal groupinf is not 
an essential Integral part of a coloured or flisorftcent com* 
pound” (loc. eit., 197). 
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CHAPTER XVII. 

MANUFACTURE OF RIIODAMINKS. 

Condemation of m-amloaphcRott wdtii AnhydrldM. 

'Hie first (k'scription ol the formation of 3 :6<lianiino- 
fluorans was jfiven by the Badische Anilin untl Soda Fabrik 
(Brit. P. 15374/1^7; 1 ). R. P. 44002/18H7; U. S. P. 377350 
of M. Ccresolc; F.PP. 186697, 198173). 

According to the specification, the simplest rhodamine, 
3 : 6'diaminofluoran, is prepared by dissolving 1.4 kilos of m- 
amitiophenol hydrochloride in to kilos of sulphuric acid 
(66" Bi.), adding 2 kilos of phthalic anhydride and heating 
for 3 or 4 hours at 180-— 190*. After cooling, the melt is dis- 
solved in Bo litres of water, the solution filtered' and the 
dyestuff salted out with .sodium chloride; it may be purified 
by repeated crystal!i.satioti from hot acidified water. 

The salt forms green metallic crystalline leaflets, easily 
soluble in alcohol, difficultly in cold but easily in hot water. 
Dilute solutions show a vivid green fluorescence which 
persists on acklition of acid but disappears with alkali. Solu- 
tions in concentrated sulphuric acid are yellow and non- 
fluorescent. Addition of alkali to the a<|ueous solution 
lilwrates the base which is easily soluble in organic solvents. 
Afidition of hydrochloric acid to the colourless solutions in 
ether or benzene causes the separation of the hydrochloride 
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Colour ciiangfs are also ohservt-tl on heating tin- 
dyestufl witli alkyl haliilcs, wherehy, ammling to tiu- patent, 
alkyl derivatives are nl»taimHl identical with those funned 
from dialkylamiiiophenids and jihlhalie anhydride. In orde r 
to effect such alkylation one part of the rhodainine hydr«i 
chloride i.s heated to 150“ for 3 or 4 hours with 3 parts of 
methyl iotlide or ethyl hromide and t» jiarlv of methyl or 
ethyl alcohol respectively. Acettrding to the degree of .al 
kylation .so the .shade alters, In ing more imlinetl to hhte the 
more complete the alkylation. 

1 ). R. P. 44fx>2 gives methods fur |»repajitig rht«!aini!ies 
from dialkylafed j/i aminopliemrls a.s well as directions for 
the preparation of tlie latter coinpoimds. h'or the prep,*tratiot! 
of tetrarnethylrhodamine, to kilos of dimethyl i« amiitf»phciud 
and 12 kilos of phthalic anhydrirle are healed for 4 !«» 5h»»Hrs 
at 170— 175**. The ojwration is carried out in an enain«*He«l 
vessel provirletl with stirrer, heating heing effei-trd with an 
oil-bath and air excluded as imieh as pctssjhk-. 

In this way, a melt mnsisting of tlie phthalate of the 
rhodaminc is obtained ; this is finely |H»wdered, digested for 
some hours with dilute .ammouta, the base extracted with 
benzene and the henzerie solution treated with huii dilute hy- 
drochloric acid. I'rom the latter, the rbralaiuiiie hydft». 
chloride separates on cooling in green crystal* showing a 
bronze lustre, 

Tlie preparation of tetracthyirhoilamine is carrier! csui 
in a similar manner, 

Rhodamim B, B extra, 0 , is usually the tetraethyl, 
rhodamine obtained from dtethy!.m.aniin«pheno! anti occurs 
either as green crystal* or as a rertdish violet powrler. It is 
easily soluble in water with a bluish red shade ; dihitrsoiuiions 
are stronj^y fluorescent Spectrum 555^0 and 5170. 

Adtfltion of a small amount of hydrochloric acid to the 
aqueous solution causes separation of the hydrochloride, 
lari^r amounts give a scarlet solution which turn* bluiih 
red on dilution. Caustic soda iti inudl amouui f>ro<l«ccs iw» 
chanp in the cold but an e*«»ss cause* the separation of 
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reddish pink flocks on warming. Concentrated sulphuric 
acid gives a yellowish brown solution showing a strong^i 
green fluorescence ; the colour goes through scarlet to bluish 
red on dilution with water. 

Rhodamine dyes wool and silk from a neutral bath giving 
a bluish red with strong fluorescence; tannined cotton is 
dyed violet red without fluorescence. 

Tetraalkylrhodamines may be de-alkylated ; it isi possible 
in this way to make yellower dyestuffs. The preparation of 
Rhodamine G, essentially consisting of triethylrhodamine, 
may be taken as an example (Badische Co., Brit. P, 14723/ 
1891; U. S. PP. 516588, 516599 of M. Ceresole; D. R. P. 
63325/1891; F.P. 215700). 

Thus 3 kilos of tetraethylrhodamine are heated slowly 
in a capacious enamelled vessel to 230 — ^235 ® and kept for 
2^/2 to 3 hours at this temperature until the crystals are 
converted into a pasty mass with a bronze — ^like lustre. After 
cooling, the mass is broken up, dissolved in hot dilute hy- 
drochloric acid and salted out. 

In another example the de-alkylation is effected by 
heating the hydrochloride of the tetraethylrhodamine with 
its own weight of aniline hydrochloride for 1^/4 hours to 
185 — igo^- Besides the Rhodamine G ox G extra of the 
Badische Co., Cassella and Co. marketed triethylrhodamine 
as Brilliant Rose G. 

The dyestuff occurs as crystals with a green glance, 
soluble in water with reddish violet colour and considerable 
fluorescence. -^==554.1 and 516.8. 

The alcoholic solution is reddish violet and fluorescent, 
hydrochloric and sulphuric acids give yellow solutions which 
become red on dilution. The aqueous solution is unaltered 
by cold caustic soda, but on warming it is decolourised, 
separation of the base taking place. The dye gives yellower 
shades than Rhodamine B. 

D. R. P. 44 002 was followed by several additional 
patents taken out by the Badische Co.; variations were made 
firstly with regard to the w-aminophenols employed and 
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secondly, the phihalic anhydride wm replaced by its substitu- 
tion derivatives, 

D. R, i\ iBadische) gives the following 

t^xamples., 

(a) Condensatian of i5kilo^ of m hydrovydiplicnytaiiiiiic 
and lo kilos of phthalic anlijdride by heatirig lo kilos 
of zinc chloride im 4 to 5 hinirs at irx>--i.7o*k 

(h) Cotidrnsati'oo of 10 kilos of m^h^’droxycliplienylaiiiiiie 
witli 10 kilos of ^divtlroxyphlhalic anliyilride. 5 lo 6 lioiirs 
at ilSo— 170®. 

(c) Condensation of 10 kilos of dichloroplittialic anlij- 
dride with 12.5 kilos of dirnethyl-M^aminophenol (or 15 kilos 
of diethyl-w-aminoplienol) by beating with 6 kilos of zinc 
chloride for 5 to 6 hours at 160 ^ 

D, R. P, 46354/1888 (Badische) describei the concicn* 


chloride for 5 honrt at 175 — 185*. 

Similar condefi^tions are described in D., R/P, 47451'/ 
1^8, vix. — ' Ihoie of dimethyl- and diethyb'iw.-,afi'iin0plie!iols 
with tetrmchlorophlhaiic anhydride, of w - hydroxydiphenyb 
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of fuming acid (20 — 30 Vo SO3) at 20 — 30 ® until soluble in 
dilute alkali ; the mass is then poured into water, neutralised 
with milk of lime and converted into the sodium salt. 

The preparation of sulphonated rhodamines by con- 
densing sulphonic acids of m-hydroxydiphenylamine with 
phthalic anhydride was carried out by the K-, G. f. Anilinfabr. 
Presumably the process was of little value for the patent, 
D. R. P. 80065/1893 was allowed to lapse in 1896. 

We shall find many cases in which substituted rhodamines 
are converted into acid dyestufSfs by sulphonation, a con- 
siderable advantage being derived from the fact that such 
sulphonated compounds can be used in a weak acid bath. 

Benzyl groups are sulphonated easily; the Badische Co. 
(Brit. P. 7258/1891; D. R. P. 59996/1891; F. P. 186697) 
made use of this property. 45 kilos of ethylbenzyl-w-amino- 
phenol and 30 kilos of phthalic anhydride are heated together 
for about 8 hours to 175 — 180®. The diethyldibenzylrhod- 
amine base is isolated and sulphonated by adding it to 
5 times its weight of fuming sulphuric acid (30 ‘^/o SOg) at 
5 — 10®. As soon as it has all dissolved, the solution is 
poured on to ice, the precipitated sulphonic acid filtered off, 
dissolved in boiling water, filtered and salted out. 

Meister, Lucius and Bruning (Brit. P. 2999/1896 ; U. S. P. 
642893; F. P. 253812; D. R. P. 87 977/1895) sulphonated 
symmetrical diethylrhodamine by adding it to 6 parts of 
fuming sutphuric acid (10 to 30 Vo SO3), not allowing the 
temperature to exceed 30 ^ The mixture was then stirred 
until a sample when treated with alkali gave no free rhod- 
amine base; it was then poured into water, salted out, dis- 
solved in sodium carbonate solution and either evaporated 
or salted out. - 

Fast Acid Eosine G and Fast Acid Phloxine A (Meister, 
Lucius and Bruning) are obtained according to the patents 
just mentioned. Fast Acid Eosine G forms a cinnabar red 
powder, soluble in water with yellowish red colour and green 
fluorescence. For Fast Acid Eosine G 1=523.1 and 487.1; 
for Fast Acid Phloxine A 1=535.3 and 497.0. 

Hewitt, Syntibetic 


23 
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Hydrochloric add gives a yellowish red, soluble preci- 
pitate, caustic soda, a dark red solution with dark green 
fluorescence. Concentrated sulphuric acid gives a yellow 
solution with feeble green fluorescence ; the colour turns pink 
on dilution. 

Both dyes give a pink on wool when dyed from an acid 
bath; Fast Acid Eosine G gives a y-ellowish, Fast Phloxiue A, 
a bluish shade. The fastness to light is greater than in the 
case of the non-sulphonated dyes. 

In a somewhat modified form, the process of sulphona- 
tion may be extended to 3’:6’-dichlorodiethyirhodamine, 
25 kilos of which are dissolved in 150 kilos of monohydrate 
at 40®, and 150 kilos of fuming sulphuric acid ( 20 ^/^ SOg) 
added. Sulphonation is completed by stirring for about 
5 hours (Meister, Lucius and Bruning, Brit. P. 10 054/ 18^ ; 
D. R.P. ic^ 347/1^; U.S. P. of Bodeker, 718408). 

Paul Fritsch (D.R. P. 91604/1896) patented the sul- 
phonation of rhodamines made with the help of 4-raethoxy- 
pfithalic acid. 

Rhodamines derived from the simple aminocresols are 
technically uninteresting. The Soc. Gilliard, P. Monnet et 
Cartier (F. P. 216 256) have used dialkylarainocresols, 
(CH J (N - Alkylg) (OH), whilst the employment of ethyl- 
and methyl - aminocresols, C@Hg(CH3,)(MHR)(OH), 1:2:4, 
has been patented by the Badische Co. (Brit. P. 23397/1893; 
U. S.P. 516585 of A- Bernthsen; D. R. P. 69074/1892 ;F. P. 
225341). 

from 

The success of the Thodamines as dyestuffs led to a 
search for other methcMis of preparation. Metsler,. Lucius 
and Bruning (Brit, P, 0 oo/i^ 8 ; F.P, 192^; D.R. P. 
48367/1^^) found that 3: 6-dichlorofltiorati. (the. "‘iuores- 
ceincMorid’" of Bacyer, Amtdm, 1876, lig, 1,8) reached with 
cfiethykiniue pvifig tetraethjlrhoda.in.irie. The reaction was 
carried out bj heatinf j puts of inotescein chloride., 4 parts 
of diethylamime hyclrt^hk^rlde, 5 parts of crystallised scnJiuiii 
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acetate and 8 parts of alcohol tor 12 hours at 200 — 220 
The patent states that another substance is also lorinei! at 
tlie same time, this is insoluble in aqueous acids but is con- 
verted into rhodamine by boiling with alcohol coritainiiig 
hydrochloric acid. Consequently, the reaction product is 
boiled for 5 hours with alcohol mixed with id per cent of 
concentrated hydrochloric acid, the alcohol distilled off, the 
residue boiled up with acidified water and rhodamine se- 
parated from the solution by the addition of salt. 

In place of sodium acetate, other reagents such as 
sodiurn phosphate, lime, caustic soda etc. can, be used to 
liberate the dietliylamine from its hydrochloride. 

It is remarkable that when ‘'‘fluorescein chloride'*' is 
heated with concentrated aqueous ammonia (1^/3 parts) for 
6 hours at 190 — 200^, an imide compound, Q^jHj^OaNQg, is 
produced without the chlorine atoms being replaced. This 
compound is colourless, melts at 235® and is insoluble in 
aqueous acid's and alkalies ; it is soluble how^ever in organic 
solvents and can be cry^stallised from benzene. By heating 
it with aliphatic or aromatic bases in presence of zinc 
chloride at 25-0 — ^270®, chlorine is replaced- and spirit soluble, 
red to bluish viokt dyestuffs are formed which imy be 
rendered water soluble by sulphonation (Meister, Lucius and 
Brtinimg, D. R. P. 48980/18^; F. P. 1974^)- 

Additional patents urere taken for modificatioBS of the 
reaction. Tims D.R. P. 49057/1888 (M L. B.) describes the 
use of the substituted 3 :6-d ichlorofluorans which are ob- 
tained by the actiouof phosphorus pentachloride on 3*:6*-di- 
and 3*: 4*: 5’: b’-tetra-cMorofluoresceins. These wtm -laissecl 
to react with various aliphatic and aromatic amines as well 
as phenylhydrazine, whilst! the dichlorotetrabromoluoran ob- 
tmitied from- eosine was condensed with aniline. 

By sulphonation of the diaryirhodaraines obtained from 
dicMorofluoran and prlnmry aroimtk bases, a munbef of add 
dyes rmy he prepared. 

Fast Acid Vid^l or Vmhmim B (M,L, B,)ii amde froiii 
diphetijL (or ditolyb) rhc^imiiie, iim prodiKit of the actiem 
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of aniline (or pAolmdlne) on fluorescein cliloride; its constitu- 
tion may be represented by a formula such as 

O 

NaSO, - • N ^ - QH, 

C tl / 

® *VoOH 

It forms a dark bitiisli violet powder, soluble in water 
with violet colour, 1 = 526.5. The aqueous solution gives 
a blue precipitate with hydrochloric acid, caustic soda gives 
a cherry red solution. Concentrated sulphuric acid dissolves 
the dye to a reddish yellow solution which on dilution with 
water first turns violet and then gives a blue precipitate. 

Fast Acid Violet AeR (M.L. B.) or Violamine R is ob- 
tained by sulphonating di-o-tolylrhodam£ne. It is a violet 
powder giving a violet solution; hydrochloric acid throws 
out a bluish red precipitate but caustic soda produces no 
alteration. The solution in concentrated sulphuric acid is 
reddish yellow, water gives a bluish red precipitate. 

AcM Rosamine i?, Violamine R (M. L, B., D. R. P. 63 844; 
F. P. 201 66 q) is obtained from fluorescein chloride and 
mesidine, the product being sulphonated. The following 
directions for bringing about the reaction between fluores- 
cein chloride and mesidine are g^ven in D. R. P. 67844/1891. 
Heat 37 kilos of fluorescein chloride, 30 kilos of mesidint 
and lokBos of zinc chloride for 2 hours at — 220^, Powder 
the melt, extract zinc chloride with hot dilute hydrochloric 
acid and sulphonate the dried product with 6 times its weight 
of monohydrate at 20 — 25®- 

In a second additibml patent (D. R. P. 53 300/1^^), 
Meister, Lucius and BrSiiing datir^ the condensation of 
‘'‘fluorescein chloride'* and dtcMorofluoresoeifi cliloride” with 
ortho- and para- aniskiiies and phenctidines as wcl as with 
aiiiinQ.^-cresci methyl ether and l^-aminophenyl benzyl ether* 
Paimnisidine and partf^eaetidine give dyestuffs of Hu«“ 
^ade than do Ihdr oitho isoineiides ; introdudioii of chlorine 
into tiie phttndic refine alto has the effect of produdng a 
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bluer tone. Thus the ortho-bases, when condciisecl witli 
^^ffuoresceiri cMoricle” give reddish vdolet dyes but blue dyes 
are obtained by the condensation of “Dichlorofliioresceifi 
chloride'’ with /^-aiiisidine and /'-phene tidine. 

The method of condensation is illustrated by the example 
of heating 5 kilos of /^-anisidine with 74 kilos of fluorescein 
chloride and 4 kilos of zinc chloride for to i hour at 
to 2«)®. 

The melt is subsequently powdered, boiled with dilute 
liydrochloric acid, filtered off, pressed and dried. Whilst in- 
soluble in water^ the dyestuff is easily soluble in alcohol with 
a blttish violet colour. 

In order to utilise these insoluble dyes, they are snl- 
phonated (8 times the weight of monohydrate) until soluble 
in dilute alkali, then poured into water, filtered off, dissolved 
in sodium carbonate solution and ^Ited out. 

Fast Acid Bine R (Meister, Lucius and Bruning, B. R. P. 
85805/1895) is prepared by sulphonating the product Iroim 
j^-phenetidine and dichlorofluorescem chloride; its structure 
may be represented by 


ciQcooh 

It forms a dark bluish ^olet powder, easily soluble in 
water with ai blue colour ; it== 533.9. Hydrochloric acid gives 
a blue precipitate, caustic soda colours the solution violet; 
this shade goes redder on heating. With concentrated’ sul- 
frfiuric acid, a dark bordeaux red solution is fonntd; from 
this water throws down a blue precipitate. Silk and wod 
are dyed from an acid tmth. 

In admixture, this dyestuff is also found as FiGimnimjB. 

Meister, Lucius mad Brining modified the reactloii 
between 3:6^€hlorofliioraii and bases in several reacts 
and attentioB will paid firstly to aiMitioas to D.R.P. 

48367* 
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D*R. P. 81056/1894 states that the hyckocliloricles may 
be employed in place of the free aromatic bases ; thus di- 
pheiiylrhcKlamine is obtained when 37 kilos of fluorescein 
chloride are heated with 32 kilos of aniline hydrochloride. 
The mass begins to get pasty at i8o‘* hycirogen cMoricle being 
evolved; at 2m ^ a homogeneous melt is procinced and the 
temperature is kept at 220^ tor an hour. After cooling, the 
melt is powdered, boiletl out with acidified water and the 
dyestuff filtered off and dried. 

D.R.P. 84773/i%5 aims at the production of acid 
dyestuffs. For this purpose, - snlphophthalic acid^ is 
condensed with resorcin and the resulting fluoresceinsnb 
phonic acid converted into “sulfoflttoresceinchlorid’k Thepre- 
paration and structure of this corapouncf are not described ; 
the hydroxy! groups in positions 3 and 6 must be replaced 
by chlorine, but whether the sulphonic acid group is acted 
on is not mentioned. Presumably it is unaltered, for by 
heating 10 parts of ‘'sulfofiuoresceinchlorid’' with 6 parts of 
diethylainme hydrochloride, 1.3 parts of lime and 4 parts of 
zinc chloride to 180 — 190^, or witli 10 parts of aniline hydro- 
chloride to 190 — 200^, sulphonic acids of the rhodamines are 
obtained. 

The rfiodaniines prepared from 3:6-dichlorolluoraii and 
primary aromatic bases are at best but sparingly soluble but 
can be converted into water soluble dyes by heating them 
with alky! halides in alkaline solution; the resulting spirit 
soluble dyes are then sulphonated by means of monoliydrate 
or a weakly fuming sulphuric add (Meister, Lucius and Brfi- 
ning, D.R.PP. 79856, 8a777/i%2). 

D. R. P, 858S5/1895 shows how it is possible to use. 
3:6-dicliIoroliuoran for the preparation of asymmctiri'i^flf 
substituted rhcxiainines, the chlorine .atosi,s Imag successively 

I Sulphcmated rfeod^tnes may be obtained by cc^cfislag , th®' 
sulfhophthalic acids with w-aminophenols. This course was foilowed 
by W- Majtrt (D.R.P. Friedliiidef de^ribes 

pfw:tsi m l»t«g wltlait ttcimical interest The patent was aioiwrt- 
10 lafise ia 
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replaced by the residues of different bases. Tims, hj the 
regulated action of aniline on “fluorescein diloride*'’. It is 
possible to obtain the almost colourless 3-pheiijlaTiiirii>.6- 
clilorofluoraii (in. p. 211^) and then to cause this to react 
with another base, e. g”, ^Toluidine. The method of carraiiig 
out these reactions is described as follows. 

36 kilos of iuorescein chloride are dissolvccl in a suitable 
solveiit, e. g. 40 kilos of phenol, and 15 kilos of aniline liydni^ 
chloride added to the warrn solution. Tlie mixture 50011 turns 
red and is kept bolting for 4 to 5 flours. The cooled melt is 
boiled out with water and then washed with dilute akoliol; 
the compoimd may be obtained as concenlricallj groupe’d 
needles hy crystallisation from benzene. 

15 kilos of plicnylaminochlorofluorac, 10 kilos of f-tol- 
iiidinc, 6 kilos of zinc chloride and 3 kilos of lime are 
intimately mixed and heated to 190—200^ for about haliao- 
hour. After cooling, powdering and boiling oot with dilute 
hydrocMoric acid, the dark violet powder* — ^phen>i-/>*to!yl- 
rhodaminc — ^is rendered useful by sulphonatlon. This is 
effected by warming for a short^ time wdth 8 litres of siilphtiric 
acid '(66 ® Be.) to — 50 

The retetioHS iescribccl in the f^tent may be illustrate c! 
by the scheme 

CHfitl) (mKW*) 

^ C«H,,CICMHE)0* immum ")€>, 

the siilphonic groups iiltisiatly entering one of the aryi 
groups. Of the compounds Cg«Hj*CI(NHE)Oj, melting fniints 
are given where R is QHg (186®), n-CH,- 

(194O. 

tifcn, (ic| 6 n and { 216 % 

M'eisters Lucius and Brfitumg (D. R. F. i397J7/"iip4 
further describe a prenress for the prc^raltom of alkylated 
or asykted aniiriocMoroiaoratis, ‘‘Sitoresecio chloride*’ (or 
dkWorofliioresceitt chloride) being heated -with the hydro- 
chlorides of fatty or aromatic amins m ^mmet of liac 
chladde, 

Tii» 3-4i®ethykiuiiio-6-chl(>rofltioran is prcimrcd by 
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melting 30 kilos of dietbylamine hydrocMoride with 42 kilos 
of solid zinc chloride in an open cast iron vessel provided 
with a stirrer and adding io.2 kilos of zinc oxide to the melt 
at loo — 140^. The temperature is raised to 160—165® and a 
mixture of 60 kilos of fluorescein chloride and ii kilos of 
zinc oxide gradually introduced. Stirring and heating to 160 
to 165^ are continued until fluorescein chloride is no longer 
present in the mixture ; this may he recognised by taking a 
sample and treating with alcohol, in which solvent the dicliloro- 
fluoran is very sparingly, the other substance easily, soluble. 
The reaction usually takes 18 hours for completion; the pro- 
duct is then broken up and extracted repeatedly with water 
to which some hydrochloric acid has been added. The residue 
is suitable for further use ; if purified by crystallisation from 
alcohol it may be obtained in reddish crystals of m. p. 148®. 
Other examples are given in the patent 

Other fluorescein esters may be used in addition to 
dichlorofluoran for the preparation of rhodamines. Thus, 
Meister, Lucius and Bruning (D. R. P. 116415/1899) prepared 
the toluenesulphonate (m. p- 163 — 165®) by heating 376 parts 
of fluorescein with 382 parts of /^-toluenesulphonyl chloride 
to 140^, By heating parts each of the resulting ester and 
of dimethylamine hydrochloride with 80 parts of zinc chloride 
and 60 parts of lime to 220^, rhodamine was produced. 

Bkodmmims from Anhydride. 

Succinic anhydride behaves similarly to phthalic an- 
hydride in its reactions with'pyrogallol (Baeyer, 1873, 
d, 664) and resorcin (Damm and Schreiner, 15, 

555) ; the products have m> technical va^e. It is, under the 
■drc«iiis.taiices, somewhat remarkable that the rhodamine ob- 
tained from sucdnic m^ydride 5md diethyl-M-amiiiopheitoI 
liiould possess properties wMch, im mmt respects, make it 
sui^iior to the corresponding phthaleia and led to it being 
on ttie market as Rkedamim 

Bayer and Co, 5 i 03 /i 888 ) state that 5 kilcis 
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of succinic anhydride, 12 kilos of dimethvi-»i-amiiiophefio! 
and 2 kilos of zinc chloride are heated for 3 hours at 170^, 
The melt is subsequently finely powdered and dissolveil in 
hot liydrocliloric acid, the rhodamine salt crystallising out in 
beautiful brown needles on cooling. 

Rlwdamine S occurs as a dark green crystalline powtler 
soluble in water with red colour and yellow fluorescence. 
Spectrum X = 545.1 and 509.0. Caustic soda decolourises 
the solution and gives a precipitate of the base. Concmlmtcd 
sulphuric acid dissolves the dye ; the solution is brownish and 
strongly fluorescent ; on dilution with water it becomes rose 
red. 

Though the- shade is so similar to that of the ordinary 
rhodamines, the colouring power is greater, and unmorciantcd 
cotton can be dyed directly from a dilute acetic bath at 40^ to 
50®. The dye is not very suitable for wool but useful for silk 
and mixtures of silk and cotton. 

According to the Gesellschaft fur chemische Industrie, 
Basel (D. R. P. 54997/1890), a mixture of siiccinrhcKiamiiie 
and the corresponding rhodo! is obtained when 13.2 parts 
of sucdnfiuorescem, 13.8 parts of 40 per cent dimcthylaminc 
solution and 70 parts of alcohol are heated for 14 hours to 
170—200®. 

Grmps, 

If phosphorus oxychloride be allowed to react with a 
fhodaraine ^ in presence of an amine or phenok the carboxyl 
group is attackai aiid other substances are formed. It w’OiiM 
apfKar at first sight that the hydroxyl of the mrboxyi 
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represent a rhodamine by the general formula X-COOH 
where 

O 

N R,QH*<XHs : N1,C1 

c 

and assume that the reactions follow the normal course when 
an acid chloride acts on a phenol or a primary, secondary or 
tertiary amine, we arrive at the following equations. (R*, 
CH*,, &c.) 

B -COCI + C,H,OH - R • COOC^H, -f HCI 
B COCI + NH.R^ ^R*COMHR' 4 HCI 
K-COCl-4-NHR'R" R-COKR'R"4 HCI 
B . CCCI + C^H^NRE" «= R • CO • C.H, ‘ +- HCI 

How far such simple equations represent the reactions 
involved is v'ery doubtful, as, for example, where quinoline is 
used amongst the tertiary bases. 

Meister* Lucius and Briining (Brit P. 14^7/1893; F. P. 
231700; D. R. P. 75500/1893) first used the reaction with 
tetraethyl- and diethyl-rhodamines ^ one or other of which 
was allowed to react with phosplioryl chloride and one of the 
following, bases, viz., dimethjlaniline, diethylaniline, ethy!-o- 
tolui<Hne, ethylbenzylaniline^ quinoline or dimethyl-a-naphthyl- 
amine. The compounds made from tetraethyl rhodamine dye 
tannined cotton red to reddish violet, those nrnde from 
diethylrhodamine give yellowish pink shades. An additional 
patent (D. R, P. 81957/1893) extends the reactions to the 
use of «-nitrcKlim€thylaniIine. 

Shortly afterwards, it was found that the bydr«:hIorides 
of the rhodamines react with prirmry bases -either m presence 
or absence of phosphoryl chloride. 

Meister, Ludus and Brfining embodied^ the results in 
the same British and' French patents as tlx^ rating to the 

t Aocor^bn^ to D. RF. 116416/1900, addition of aliimfiiiasii or 
ferric chloiide has an advantage, in that wtien the melt is treated 
with If'dtmliloric acH it dl«>lves more readily without the s^ara- 
lk» of resinous material . ' 
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action of secondary- and tertiary bases, but took a separate 
German patent, 8o 1 53, which is dated only four day s later 
than D. R. P. 75 500. ; 

To prepare the rhodaminc anilide (ra. p. 22a®) 





C.H. 


the rliotiamine (base or salt) may be boikd for 8 hours mith 
2 to 3 times its \¥eight of aniline, or the reaction may bC’ 
brought about at 8o — loo^ in a shorter time bj ad-difif 
4 parts of phosphoryl chloride to lo pait^ of rhodanaiie base 
or salt dissolved in :2o parts of aniline. In either case, the 
product is dissolved in dilute hydrochloric acid, precipitated 
by sodium acetate and crystallised from alcohol or benzene; 
it separates from the former in colourless leaflets, from the 
latter in groups of needles. 

Corresponding compounds are obtained by the iim of 
a- and ^-toluidines, the melting points of which are 179'* and 
10® respectively. 1 

Whilst solutions in alcohol and benzene are colourless, 
acetic acid gives a pale bluish red sK^lution exhibiting a 
yellowish red iuorcscence. 

Meister, Lucius and Briniiig took ad#tlofial ^teati, 
D. R. P. 85242/1895 describes products cAtained by hetliBg 
rhodamines with primary hydrazines to 1510 — 160*'; the p^- 
ducts from tetraethyl- and diethyl-rfeodamiiics aadi plmyl* 
hydrazine melt at 214® and 235 * resp^irdj, lhafc fro®, tetra* 
ethylrhodamine and ^-tolylhydrafine at 

I),R.P. ^675/1 %5 describes the prodixte oMai^d 
from tetraelhyirhodainine and m* and l-fiitimfiiffiae* 
orystallist in yellow to fimk ne^les airf mdt at 194 *, i#S • 
and rfi{NbCtiwly. 

The sutelancta amnlkmed above fmmm- the 
stwture 
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QH,<^N.X 


and, except where the aryl group X is nitro-substituted, are 
colourless. This also holds when X = H, but if the nitrogen 
atom is linked in a manner which prevents the closing of a 
phthalimide ring, dyestuffs are obtained. 

This result may be achieved in various ways, 

(a) By sulphonation. 

(b) By formation of a nitrile group. 

(c) By formation of. a' carboxydialkylamide) group. 

(a) Sulphonation. The Badische Co. (D. R. P. 81 958/ 
1893) produced a difficultly soluble sulphonic acid of rhod- 
amine-anilide (m. p. 222 by warming with 5 parts of fuming 
sulphuric acid (23 per cent anhydride) on the water-bath 
until the sample dissolved completely in warm dilute sodium 
carbonate solution. A more soluble sulphonic acid was pro- 
duced by stirring the anilide with 4 parts! of fuming sulphuric 
acid (23 per cent), then heating for rVg hours on the water- 
bath and pouring the melt on to ice. The sodium salt of the 
latter acid forms a red powder, the aqueous solution is bluish 
red and has a yellowish red fluorescence; the solution is 
nearly decolourised by soda or ammonia but the colour is 
intensified by acetic acid. Wool is dyed red from' an acid bath 
and shows strong fluorescence; the shade is somewhat bluer 
and distinctly cleaner than that given by Rhoda’mine B. 

Disregarding internal salt formation, the patentees 
ascribe the constitution (I) to their products; this is equi- 
valent to a structure (II) for the sodium salts. 



(C,H,)N, 


ooo^ 


N(C,Ha.OH 


• NH • C,Hj_,(SO,H> 
I 
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(b) Formation of Nitrile Group . — In this case the Ba- 
dische Co. (D. R. P. 81264/1893) dissolve Rhodamine B extra 
in 5 times its weight of alcohol, saturate with, ammonia gas 
and heat for 10 hours at 180 ^ On recrystallisation from 
alcohol, the product (I, below) is obtained as colourlessi 
crystals, m. 229 

On heating the imide (5 parts) with phosphoryl chloride 
(2 parts) in presence or absence of a diluent, e. g. toluene, 
the elements of water are removed at water-bath temperature. 
The dye (II) is obtained by solution and salting out. 

O 

(C,H,),NQ^^: N(QH.).C1 
II 

Alkalies^ precipitate a base as reddish flocks, this hasl the 
same percentage composition as the original imide. The 
colouring matter dyes wool and silk violet red ; with tannined 
cotton an intense fluorescence is observed. 

(c) Dialky lamides. Meister, Lucius' and Briining (Brit.P. 
1592/1897; F.P, 263318; D.R.PP. 94237/1896, 94854/1897) 
treated rhodamine salts with phosphoryl chloride (3 parts at 
temperatures up to 80®) and then with secondary aliphatic 
amines. In this way the carboxyl group became a disubsti- 
tuted carboxylamide group, CONR2, and formation of a col- 
ourless derivative of phthalimide was inhibited. 

Phthalonic acid Rhodamines, The Badische Co. discovered 
(Brit.P. 14135/1895; F.P. 249009; D. R.PP, 87028, 89092/ 
189s) that dialkyl-w-aminophenols could be condensed with 
phthalonic acid to dyestuffs. If the constituents are made to 
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react at a high temperature (e. g. lo kilos of diethyl-'m-amino- 
phenol, 12 kilos of phthalonic acid for 4 hours at 180®) a dye 
is obtained, but if 194 partsi of phthalonic acid (i mok) be 
well mixed with 495 parts of diethylaminophenol (3 mols,) 
and stirred and heated for some hours at 100 a colourless 
compound is obtained according to the equation 

0coOH°^^ + 3 QH,(OH)N(aH.), = + 2 H, O 

This melts about 175 ® and is easily soluble in dilute acids 
and alkalies; on oxidation it gives a rhodhmine. 

50 parts of the interniiediate compound! are dissolved in 
750 parts of 30 per cent acetic acid (or dilute sulphuric or 
hydrochloric acid) and 21 parts of potassium persulphate 
added slowly. The solution is warmed on the w'ater-bath until 
a test portion treated with excess of dilute caustic soda no 
longer gives: a blue colour turning red on warming. It is then 
allowed to cool and the dye salted out. 


CHAPTER XVIII. 


RHODOLS AND UNSYMMETRICAL RHODAMINES. 


Intermediate between fluorescein with its two hydroxyl 
groups and the rhodamines with their two (usually substi- 
tuted) amino-groups exists a class of compounds, 3:6-arnino- 
hydroxy-derivatives: of fluoran (I) 



HO0^,»K,K 

III 


As to the constitution of their salts, those with alkalies 
may have the structure (II), those with acids almost certainly 
structure (III). Compounds of this type may be produced 
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either by condensing 2 : 4-dihydroxybenzoylbenzoic acid with 
a mietaaminophenol (Bayer and Co. D. R. P. 54085/1889) 
or a derivative of 2-hydroxy-4-aminobenzoylbenzoic| acid with 
resorcin or a homologue (Easier chemische Fabrik, D. R. PP. 
85931/1894, 87068/1894, 132066/1901 ; Badische Co. D. R. P. 
96668/1896). 

In Bayer’s earliest patent, the dihydroxybenzoylbenzoic 
acid was condensed with dimethyl-, diethyl- and monophenyl- 
m-aminophenols ; the mono- and di-bromo derivatives of di- 
hydroxybenzoylbenzoic acid were also employed in conjunc- 
tion with alkylated w-aminophenols. Zinc chloride was used 
as condensing agent at 140—160 

The products obtained were of no particular value and 
the process was complicated (See comments in Friedlander, 
II, 86). 

The Badische Anilin und, Soda Fabrik (D. R. P. 54684/ 
1890) patented the conversion of rhodols (or rhodaminols) 
obtained in this manner with 3-chlorodialkylaminofluorans, 
and the reaction between the latter and dialkylamines whereby 
rhodamines are formed ; this was' probably a blocking patent. 

Two! other processes for the preparation of rhodols may 
be noticed. | 

Dialkylrhodols may be obtained by the alkylation of 
rhodols which the 9 t. Denis Co. (304 773 ; D. R. P. 56 506/ 
1890) proposed to manufacture by heating fluorescein 
(10 kilos) with saturated aqueous ammionia (15 kilos) for 
8 hours at 160 — 180®. From* the] patent, it would appear that 
some diaminoacridylbenzoic acid (Meyer and Oppelt, Ber,, 
1888, ^1,3376) is formed at the same time. 

Meister, Lucius and Bruning (D. R. P. 65 195/1892) 
obtain alkali soluble rhodamine dyes by heating thodamine 
with free alkalies or alkaline earths, in presence or absence 
of calcium or zinc chloride, to 220—240®. Alternatively, 
fluorescein chloride (10 kilos), diethylamine hydrochloride 
(10 kilos), zinc chloride (8 kilos) and sodium acetate (15 kilos) 
are heated for 4 hours to 220 — 240®. The nature of the 
products obtained is not very obvious.* 
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The patents of the Easier chemische Fabrik give direc- 
tions for the preparation of 2-hydroxy-4-dialkylaminobenzoyl- 
benzoic acids; the methods employed are illustrated by 
examples. ; I 

D. R. P. 85931/1894. Example i. 30 kilos each of 
phthalic anhydride and dimethyl-m-aminophenol are dissolved 
in 150 kilos of benzene, filtered hot and boiled for 8 to 
10 hours. After cooling, the precipitate is collected and 
crystallised repeatedly from dilute alcohol. 

D. R.P. 87068/1895. Example 2. Melt 17 kilos of di- 
ethyl-w-aminophenol and stir in 15 kilos of finely powdered 
phthalic anhydride. Keep the melt at 100^ until no further 
increase in solidification can be observed. Then powder, boil 
up with alcohol, cool, collect the residue and purify by re- 
crystallisation from alcohol. Neither compound shows a 
sharp melting point ; they liquefy and decompose over 180 ® 
becoming red at the same time. \ 

The Badische Co. (D. R. P. 96668/1896) adopted* a. 
process involving a very similar principle with the object of 
making rhodamines containing one o-tolylamino group. It 
was stated that the object in producing these compounds was 
to obtain rhodamines which when sulphonatedj gave colouring 
matters dyeing beautiful fiery shades. 

By heating equimolecular proportions of w-hydroxy- 
phenyl-a-tolylamine and phthalic anhydride to 120 — 130° 
until the mixture is thick and then extracting the melt with 
spirit or other solvent, 2-hydroxy-4-(?-tolylaminobenzoyl- 
benzoic acid is obtained in a pale green, finely crystalline 
condition. This compound becomes violet above 180® and 
melts above 200 ® with complete decomposition. 

If this compound is condensed with a second molecule 
of ai m-aminophenol, a rhodamine is produced, but with re- 
sorcin, o-tolylaminorhodol is formed. 

Example i. 17.5 parts of the above mentioned acid, 
5.5 parts of resorcin and) 15 partsiof potassium‘ bisulphate are 
well mixed, stirred and heated to 170 — 175® for about an 
hour; the end of the reaction is denoted by the mixture 
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becoming so viscous that it can scarcely be stirred. After 
cooling, the mass is powdered, boiled out; several times with 
water, dried at 100® and extracted with toluene. The residue 
consists of the sulphate of the rhodol. 

Example 2. 17.5 parts of the acid, 6.2 parts of amino- 
;^-cresol (CH3: NHg: OH = i -.2:4) and 15 parts of potas- 
sium bisulphate are heated at 190®. 

Example 3, i part of o-tolylrhodol sulphate is dissolved 
in 5 parts of sulphuric acid (66*^ Be.) at the ordinary tempe- 
rature. The yellowish brown solution is then heated to 45 
to 50 ® until the product is completely soluble in dilute sodium 
carbonate solution. 

Example 4. i part of dimethyl-o-tolylrhodamine sul- 
phate (prepared from the acid and dimethylaminophenol) and 
10 parts of 80 per cent sulphuric acid are heated some hours 
on the water-bath until the sulphonation is complete. 

Example 5. Dissolve 10 parts of o-tolylhomorhodamine 
sulphate in 4 parts of concentrated sulphuric acid, cool to 
o— -5 ® and add fuming sulphuric acid (24 per cent anhydride) 
drop by drop until the product is completely soluble in dilute 
sodium carbonate solution. 

The patent describes the properties of several rhodamines 
and rhodols obtained, also of the sulphonic acids produced 
from them. The components; other than the tolylamino- 
hydroxybenzoylbenzoic acid are, in addition to those men- 
tioned in examples i and 2, mono- and di-methyl-w-amino- 
phenols and a homologue of resorcin. 

D. R. P. 98971/1896 of the same firm (Brit. P. 2655/ 
1897; U. S, P. 609998; 4*^- Addition to F. P. 186 697) 
describes a very similar procedure starting with ^-ethyl- 
benzylamino-o-hydroxybenzoylbenzoic acid which it is not 
necessary to isolate. 

Example i gives the following directions for preparing 
3-ethylbenzyl-6-ethylrhodamine^ 5.8 parts of , ethylbenzyl-w- 
aminophenol and 3.8 parts of phthalic anhydride are melted 

Hewltfc, Syntlietic 
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together without allowing the temperature to exceed 120 or 
130®. When the liquid mass has solidified, 3.5 parts of ethyl- 
m-apinophenol are added and an uniform melt obtained at 
130®; 8 parts of potassium bisulphate are next introduced 
and the temperature raised and kept at 175® for one hour, 
stirring well all the time. After cooling, the melt is powdered, 
boiled out several times with water, dried and again powdered. 

In place of ethylbenzyl-w-aminophenol, the methyl- 
benzyl-derivative may be used and a number of m-amino- 
phenols are described as second components. 

The rhodamines and rhodols obtained in this manner 
are distinguished by the' ease with which they are sulphonated. 
Two processes of sulphonation are employed', viz. the use of 
hot concentrated sulphuric acid and of cold fuming sulphuric 
add. The sulphonic acids obtained by the two processes 
appear to be different, those by the latter process being 
usually far more soluble and frequently different in shade. 

D. R. P. 98972/1897 (Brit. P. 2655/1897 ; 5 addition 
to F. P. 186697) describes the sulphonation of the rhod- 
amines obtained by condensing hydroxydiethylaminobenzoyl- 
benzoic acid with benzyl-^>^-aminophenol. 

Meanwhile, patents for the production of rhodols or 
asymmetric rhodamines from dialkylaminophenols weile 
applied for by the Easier chemische Fabrik (Bindschedler). 

D. R. P. 96108/1896 (transferred to Cassella and Co., 
see also Brit. P. 12180/1897; F. P. 266985/1897) describes 
the preparation of a rhodamine by dissolving 31 kilos of 
hydroxydimethylaminobenzoylbenzoic acid and 15 kilos of 
aminocresol (CH8:OH:NH2=i 12:4) in 180 kilos of sul- 
phuric acid and 40 kilos of water and heating at 140 — 160 ® 
until the product is soluble in warm water. 

D. R. P. 108419/1897 (Cassella and Co.; applied for by 
the Easier chemische Fabrik; Brit. P. 12 181/1897) describes 
the formation of a rhodol from 28 kilos of dimethyl- (or 
diethyl-) aminohydroxybenzoylbenzoic acid and 14 kilos of 
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resorcin in i8o parts each of sulphuric acid and water at 
water-bath temperature. The product can be esterified. 

D. R. P. 106720/1898 (Easier chemische Fabrik, trans- 
ferred to Cassella and Co., see also Brit. P. 18477/1898; 
U. S. PP. 613131/1898 and 625536/1899 of J. J. Brack; 
F. P. 280925/1898) deals with the formation of irhodols from 
hydroxydialkylaminobenzoylbenzoic acids and resorcin or p- 
amino-a-cresol (in which case, ammonia is. eliminated), their 
esterification and condensation by means of formaldehyde to 
dyestuffs such a Rhodamine 12 GF ; these are distinguished 
by several useful properties. The esters of the rhodols give 
zinc ferrocyanide lakes which alter their colour on steaming 
from yellowish red to bluish violet. Treatment of the esters 
with formaldehyde produces well defined compounds which 
give as stable zinc ferrocyanide lakes as other rhodamines 
and, at the same time, of a much yellower shade. 

A solution of 42 kilos of esterified dimethylrhodol in 
200' kilos of concentrated sulphuric acid is treated with a mix- 
ture of 8 kilos of 40 per cent formaldehyde in 100 kilosi of 
concentrated sulphuric acid. Temperature rises as the reac- 
tion sets in ; for its completion, the mixture is left for some 
days! at the ordinary temperature and then poured on to ice. 

The sulphate of the condensation product remains in 
solution ; addition of brine throws out a resinous precipitate, 
said to consist of the sulphate. 

To obtain the hydrochloride, the sulphate is dissolved 
in 60 kilos of alcohol and 70 kilos of water, and 70 kilos of 
hydrochloric acid (20 ° Be.) added to' the hot solution. After 
standing some time, brine is stirred in whereby the hydro- 
chloride is precipitated as a resin ; the supernatant liquor is 
decanted and the resin dried and ground. 

Rhodamine 12 GF forms a bright red powder giving 
yellowish red aqueous and alcoholic solutions. Spectrum, 
X == 526.7, 489.2 and 458.4. The aqueous solution is unaltered 
by hydrochloric acid, caustic soda gives a bright red pre- 
cipitate. Concentrated sulphuric acid gives a yellow solution 
turning yellowish red on dilution. 

24* 
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Cassella and Co. (D. R. P. 109883/1899) also obtained 
a condensation product by adding a solution of 2^/2 kilos of 
40 per cent formaldehyde in 30 kilos of concentrated sulphuric 
acid to 30 kilos of the esterified condensation product ob- 
tained from dimethylaminohydroxybenzoylbenzoic acid and 
o-amino-/>-cresol dissolved in 200 kilos of concentrated sul- 
phuric acid. The constitution 

0 

C1(CH8),N 

1 

QCOOQHs 

is assigned to the compound which dyes cotton a fiery red. 
(Bluer shade than that given by the uncondensed ester.) 

When a dialkylaminohydroxybenzoylbenzoic acid is con- 
densed with a w-amino>phenol, it should be remembered that 
water may be split off between a hydroxyl and an amino 
group (formation of an acridylbenzoic acid) so that there is 
no guarantee of the production of a chemical individual. To 
obviate this difficulty Meister, Lucius and Briining (Brit. P. 
12 272/1901 ; U. S. P. 694 149 of Hoffmann ; F P. 371 805 ; 
D. R. P. 128 574/1901) added 2^/^ parts; of w-acetaminophenol 
to 5 parts of diethylaminohydroxybenzoylbenzoic acid dis- 
solved in, 40 parts' of concentrated sulphuric acid at 20—30 
allowed the mixture to stand! for some hours and poured out 
on to ice. It was claimed that the process yielded an acetyl- 
diethylrhodamine as sole product. 

For some time, the rhodols found little application, 
largely on account of their lack of fastness to soap. In this 
case, esterification with productiort of compounds of type II 
was of no avail (see D.R.P. 108419); the colours thus ob- 
tained are also not fast W. soap and solutions of the salts are 
precipitated by sodium carbonate. It may be noted in this 
donnection that there is the possibility of quinonoid anhydro- 
bases (III) being produced. 
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If, however, thei hydroxyl and carboxyl groups are both 
alkylated, compounds of type VI are produced; tannined 
cotton is dyed by them in shades which are quite fast to 
soap. Patents for the production of such compounds were 
obtained by Meister, Lucius and Briining (Brit P. 15983/ 
1899; U.S. P. 656426/1899 of Schmidt; F. P. 291621; 
D, R. P. 116057/1899) and Cassella and Co. (D. R. P. 122289/ 
1900;^ additional to D. R. P. 108419 which was transferred 
from the Basler chemische Fabrik, see Brit. P. 12181/1897). 
One of the dyestuffs of this class has found) application under 
the name of Rhodine. 

Rhodine 12 GM (Ges. f. chem. Ind. Basel) 

O 

C1(CH,),N : 

c * 

*VoOC,H, 

forms a reddish brown powder, soluble in water and alcohol 
with yellowish red colour (A = 525.8, 488.5, 457.8). Hydro- 

I D. R. P. 122 289 protects the formation of rhodol alkyl ethers 
from mono- or di-methylrescorcin, water or methyl alcohol being 
eliminated as the case may be. Thus 28,5 parts of dimethylamino- 
hydroxybenzoylbenzoic acid are dissolved in 180 parts of sulphuric 
acid and 90 parts of water, a solution of 12.4 parts of mono- or 
13.8 parts of di-methylresorcin in 50 parts of methyl alcohol added 
and the mixture warmed for 6 hours on the water-bath. 
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chloric acid produces no alteration, caustic soda, a bright red 
precipitate. The solution in concentrated sulphuric acid is 
yellow becoming! yellowish red on dilution. Silk and tannined 
cotton are dyed yellowish red. 

Meister, Lhcius and Briining give several methods for 
the; preparation of these compounds which may be illustrated 
by the formation of the substance of the constitution 


O 


C1(C,H,),N;Q^QoCH3 


C.H/ 


COOCHo 


(a) From Diethylrhodol (Formula I, p. 373). 

An intimate mixture of 120 parts each of diethylrhodol 
hydrochloride and soda-ash is stirred and treated with 
190 parts of dimethyl sulphate. Temperature rises to about 
85 the mass becomes viscous and finally hard ; it is either 
allowed to stand for some time at the ordinary temperature 
or else warmed for half-an-hour to 90 On extraction with 
hydrochloric acid, dilution with water until solution is com- 
plete and salting out, the dyestuff is precipitated as an oil 
which solidifies to a crystalline crust. 

(b) From .Diethylrhodolcarboxylic ester (Formula II, 

p- 373)" • ' 

An intimate mixture of 41 parts of the hydrochloride of 
diethylrhodolcarboxylic ester and 20 parts of soda-ash are 
treated with 30 parts of dimethyl sulphate as in the last 
example. , ; 

(c) From Diethylrhodol methyl ether (Formulae IV and V, 

P- 373)- ' 

38 parts of diethylrhodol methyl ether, preferably with 
addition of soda-ash, are heated for some time to 80 — 90® 
with 25 parts of dimethyl sulphate. 

In addition to other compounds of the same type, but 
containing different alkyl groups, e. g. benzyl, condensation 
products from quinol and 2 : 7-dihydroxynaphthalene are also 
described. These are produced by heating the respective 
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phenols in 50 per cent sulphuric acid solution with diethyl- 
m-aminohydroxybenzoylbenzoic acid to 140® and subsequent 
alkylation. The corresponding hydrochlorides must possess 
the constitutions 


O 




oco. 


o 


OCH, 


C1(QH,),N : 


C H 

‘ ‘^COOCH, 


CeH,< 


C I 


COOCIl' 


An additional patent of the same firm (D. R. P. 119061/ 
1899) describes the esterification of rhodol ethers by means 
of alcohols and hydrochloric acid. 

The compounds obtained by condensation of diethyl- 
aminohydroxybenzoylbenzoic acid with phenol and either of 
the naphthols and subsequent esterification appear to have 
been of little importance, as the patent (D. R. P. 115991/ 
1899) was allowed to lapse in 1901. 

A number of similar dyestuffs were made by condensing 
dialkylaminohydroxybenzoylbenzoic acids (and their di- and 
tetra-chloro-substitution products made with the aid of di- 
and tetra-chlorophthalic acids) with naphthol-sulphonic acids 
and chromotrope acid (Meister, Lucius and Briining, D. R. P. 
118077/1899; F. P. 299176/1900), The following acids are 
mentioned; i-naphthol-4- and 5-mono~ and 3:8- and 4:8- 
disulphonic acids; 2-naphthol-6-mono-, 3:6-, and 6:8-di- 
and 3 : 6 : 8-tri-sulphonic acids. 

The colours obtained with these monohydroxynaphthal- 
ene derivatives give reddish shades and are weaker in dyeing 
properties than the colours produced with chromotrope acid. 
Thus the dyestuff obtained by heating (140® for 10 hours) 
100 parts of diethylaminohydroxybenzoylbenzoic acid with 
200 parts of chromotrope salt and 2700 parts of 50 per cent 
sulphurie add without replacing water lost by evaporation, 
produces a bluish violet shade on wool which, on treatment 
with chromate, gives a greenish blue, fast to milling. 
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The name rhodine has also been applied to certain un- 
symmetrical rhodamines. 

Rhodine sG (Ges. f. chem. Ind., Basel). 

O 

C1(CH,),N : /VVNnH • QHs 

This dye was discovered by Muller (Brit. P. 4985/1895; 
U. S. P. 584 119 ; F. P. 245 593) ; it is obtained by condensing 
dimethylaminohydroxybenzoylbenzoic acid with ethyl -w- 
aminophenol and esterifying the product. It forms a green 
crystalline powder which dissolves in water with a carmine 
shade ; the alcoholic solution is scarlet with green fluorescence. 
Hydrochloric acid produces no alteration, with caustic soda 
a scarlet red precipitate is formed. Silk and tannined cotton 
are dyed bright red. 

Rhodamine 5 G, 5 G extra (Badische) or Irisamine G, 
G extra (Cassella) 

O 

CI(CH,),N:Q^0CH. 

r 

is a very similar dye ; its colour reactions are much the same 
as those of Rhodamine 2G. ^ = 535-3 and 498.8. 

The methods described hitherto depend on the conden- 
sation of dialkylaminohydroxybenzoylbenzoic acids with 
another component and subsequant esterification. The opera- 
tion may however be modified by introducing diethylamino- 
hydroxybenzoylbenzoic acid (56 kilos) into, a mixture of sul- 
phuric acid (360 kilos of monohydrate) and methyl alcohol 
(80 kilos). By warming for some time at 100®, esterification 
is completed and the other component, e. g. o-amino-/^-cresol 
(24 kilos), can then be added and condenrsation effected at 
100 ^ (Easier chemische Fabrik, U. S. P. 695 441/ 1902 of 
Brack; F. P. 317891/1902; D.R.P. 132066/1901). 
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The sulphonation of asymmetric rhodamines is stated 
to give valuable dyestuffs ; the shades produced are similar 
to those given by non-sulphonated tetraalkyl compounds but 
the exhaustionl of the dye-bath is better (Meister, Lucius and 
Briining, Brit. P. 14879/1900; U, S. P. 675216/1900 of 
Hoffmann; F. P. 303177/1900; D. R.P. 119 757/1900). 

Example i. Add slowly, with stirring,* 10 kilos of asym- 
metric diethylrhodamine hydrochloride to 60 kilos of oleum 
(20 to 30 ®/o SOg) taking care that the temperature does not 
exceed 35 — ^40 Allow to stand for 12 hours, pour into ice 
water and filter off the sulphonic acid. 

Example 2 decribes a similar sulphonation of the rhod- 
amine obtained by condensing diethylaminohydroxybenzoyl- 
benzoic acid with (9-amino-/>-cresol. 

It will have been noticed that in all the above cases, 
trialkylated rhodamines are produced by condensing dialkyl- 
aminohydroxybenzoylbenzoic acids with monoalkylamino- 
phenols. The reason for this procedure is that monoalkyl- 
aminohydroxybenzoylbenzoic acids are not obtainable by 
direct condensation of phthalic acid with a monoalkylamino- 
phenol ; there result, instead', phthalamic acids of the consti- 
tution 


XO-NR.CeH.OH 
* *\COOH 

The Badische Co. (Brit. P. 23 198/1904 ; U. S. P. 821 452/ 
1904 of H. A. Bernthsen ; F, P. 347 546/1904 ; D. R. P. 162 034/ 
1903) succeeded however in preparing the isomeric add's. 
Thus if 147 parts of phthalimide, 137 parts of ethyl-w-amino- 
phenol and 130 parts of crystallised boric add are heated 
to 150 — 160®, the reaction follows the course indicated by 


the equation 


CO 

QH.^NH+C.H 


*\NHC,Hs 


/CO-C.H,(OH)(NHC,Hs) 

-c.h.<^onh. 


The amide is readily hydrolysed: by boiling with dilute caustic 
soda ; the resulting acid melts at 152— 153® The correspond- 
ing acid from methyl-w-aminophenol melts at 178^179**- 
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By condensing these acids with m-aminophenol and p- 
cresol, dyestuffs are obtained which can be esterified. The 
products give yellowish shades. 


Mordant Dyestuffs of Ehodol Type, 
Condensation of substituted aminohydroxybenzoyl- 
benzoic acids may also be carried! out with polyhydroxy-deri- 
vatives of benzene. Using compounds such as pyrogallol, 
gallic acid &c., products are obtained containing two hydroxyl 
groups in the ortho position. These dye mordanted wool 
and cotton in dark violet or blue shades, very fast to milling 
and light ; their solubility in acid baths is claimed as an ad- 
vantage over alizarine colours.^' 

Cassella and Co. (Brit. P. 14220/1900; F. P, 302725; 
D. R. P. 122352/1900) give examples of how such conden- 
sations may be effected. Thus in order to obtain the dyestuff 
having the constitution 

O OH 

CI(CH,),N:Q^Q 0 H 

28.5 kilos of diniethylaminohydroxybenzoylbenzoic acid are 
dissolved at 90 in a mixture of 120 kilos of sulphuric acid 
and 30 kilos of water. The temperature is then raised to 
100®, 15 kilos of pyrogallol are added and the mixture kept 
at no® for 4 or 5 hours. The melt is then poured into 
200 litres of hot water ; the dyestufif crystallises on cooling. 
It is somewhat difficultly soluble in cold water; the solution 
in dilute acetic acid is red, that in alkalies is bluish violet. 
Chromed wool is dyed bluish violet. 

Very similar dyestuffs are obtained when the pyrogallol 
is replaced by gallic or gallamic acids or tannin ; it is advisable 
in these cases to carry out the reaction at 125®. 

I These dyes are stated not to be stilficiefttly soluble for 
printing. Durand, Huguenin ahd Go., D. R. P. 244 652/1910.) 
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Other substituted acids may be employed, e. g. 4,a- 
tolyIamino-2-hydroxybenzoylbenzoic acid which is prepared 
by carefully condensing phthalic acid with o-tolybw-hydroxy- 
phenylamine. 

Mordant dyes often contain a hydroxyl and a carboxyl 
group in the ortho position to one' another. In an additional 
patent (D. R. P. 123077/1900), Cassella and Co. describe pro- 
ducts obtained by condensation of phthalic anhydride with 
one molecule of an alkylated aminophenol and subsequently 
with one molecule of jS-resorcylic acid; the second stage is 
effected in concentrated sulphuric acid solution at tempera- 
tures ranging from 55 to 80 

Durand, Huguenin and Co. (Brit. P. 10523/1911; 
U. S. PP. 1002825 and 1003257/1911 of de la Harpe and 
Bodmer; D. R. P. 244652/1910) follow a different course in 
producing mordant dyes of thei rhodol series. If, for example, 
a sulphonic group be introduced in the ortho position to the 
hydroxyl of a simple rhodol obtained from resorcin (or 
pyrogallol), the resulting compound may be fixed on mord- 
ants. This property is also shared by| rhodols- produced from 
dialkylaminohydroxybenzoylpropionic acids which are pre- 
pared from a w-aminophenol and succinic anhydride. 

In order to obtain such compounds, resorcin mono- or 
di-sulphonic acid may be used ; in the latter case one of the 
sulphonic groups is eliminated during the condensation 
which isi effected by means of sulphuric acid or a bisulphate. 
The acid concentration can be waried between fairly wide 
limits, it is desirable not to hawe it too dilute otherwise 
complete desulphonation may result. 

The simplest way is to sulphonate the resorcin or 
pyrogallol and add the aminohydroxybenzoylbenzoic acid to 
the mixture, so combining the two operations. 

Example I. i4kilos of dimethyl-w-aminohydroxybenzoyl- 
benzoic acid are stirred into a solution of 10 kilos of resorcin- 
monosulphonic acid in 60 kilos of 70 per cent sulphuric acid 
and heated to 90/^ until no further formation of dyestuff is 
observed. On cooling, the melt is' poured into ice water, the 
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dyestuff filtered off, pressed, dissolved in sodium acetate solu- 
tion, filtered and reprecipitated by hydrochloric^ acid. Finally 
the sulphonic acid is converted into an alkaline salt. 

Example 2. 14 kilos of dimethylaminohydroxybenzoyl- 
benzoic acid are condensed at 90^ with 14 kilos of resorcin 
disulphonic acid dissolved in 60 kilos of sulphuric acid 
(66 Be.). 

Dyes obtained in this way from resorcinsulphonic acids 
give red! shades on chromed wool ; if prepared from pyrogallol- 
sulphonic acids, violet to brownish violet shades are obtained. 
Fastness to chlorine and light are stated to be renaarkable. 

Similar dyes may also be prepared by the sulphonation 
of rhodols. (Durand, Huguenin and Co., D. R. P. 246653/ 
1911.) Thus 10 parts of dimethylrhodol (from dimethylamino- 
hydroxybenzoylbenzoic acid and resorcin) are sulphonated 
by warming with 40 parts of 26 per cent oleum, to 90 — 95 ® ; 
after pouring into ice water, unsulphonated material is se- 
parated by dissolving the sulphonic acid in sodium acetate 
solution and reprecipitation by hyd*rochloric acid. 

The presence of a nitro group alters the properties of 
rhodolsulphonic acid dyestuffs in certain respects. The shades 
produced on fibres are yellower and, on chromed wool, the 
fastness to light is greater. Further, non-sulphonated rhodols 
containing a carboxyl group, such as those obtained from 
resorcylic acid, yield more soluble alkali salts if nitrated. 

Durand, Huguenin and Co. (D. R. P. 245231/1911) 
obtain nitrated rhodols either by condensing an amino- 
hydroxybenzoylbenzoic acid with a nitro derivative of re- 
sorcin or by nitration of the rhodols themselves. 

Example i. 43.9 parts of dimethylrhodolsulphonic acid 
are dissolved in the fourfold weight of concentrated sulphuric 
acid at ordinary temperature, cooled, stirred and nitrated by 
addition of 14.3 parts of a mixed acid with 44 per cent HNO^. 
The nitration is completed by standing for some days at 
ordinary temperature or warming for a short time to 70®. 
The mixture is then poured into ice water and the precipitated 
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dyestuff collected and converted into an easily soluble alkali 
salt. 

Example 2. 40.3 partss of dimethylrhodolcarboxylic acid 
(from dimethylaminohydroxybenzoylbenzoic acid and ^-re- 
sorcylic acid) are dissolved in four times the weight of sul- 
phuric acidi and! nitrated with mixed acid containing 6.3 parts 
of HNO3. 

Example 3. Nitration of 49.3 parts of the dyestuff from 
ethylbenzylaminohydroxybenzoylbenzoic acid dissolved' in 
4 times its weight of sulphuric acid is effected with a mixed 
acid containing 12.6 parts of nitric acid; say with 36 parts 
of mixed acid with 35 per cent HNOg. 

Example 4. ii parts of resorcin are dissolved in 120 
parts of concentrated sulphuric acid and sulphonated; then 
nitrated with 14.3 parts of mixed acid containing 44 per 
cent HNO3. 28.5 parts of dimethylaminohydroxylbenzoyl- 
benzoic acid are then added and the mixture heated to 90® 
until no further dyestuff formation is observed. 

Example 5, 18 parts of mixed acid (35 peri HNO3) 
containing 6.3 parts of nitric acid are added to a solution of 
sulphonated ) 3 -resorcylic acid obtained from* 16 parts of /S- 
resorcylic acid and 64 parts of sulphuric acid (monohydrate). 
After standing some time at ordinary temperature! and finally 
warming for a short time to 70 28.5 parts of dimethylamino- 

hydroxybenzoylbenzoic acid are added and the condensation 
carried out at 90 


CHAPTER XIX. 

ANISOLINES. 

The earliest observation respecting the further alkylation 
of rhodamines was made by P. Monnet (Bull, soc, 1892, 
ni, 7, 523) who appears to have obtained the! first rhodamine 
as early as 1882 by condensing phthalic anhydride with 


382 


SYNTEETIG COLOUBINQ MATTERS 


w-hydroxydiphenylamine. Impressed by Baeyer’s production 
of hydrated fluorescein (CaoHi^Og) under the influence of excess 
of alkali, Monnet acted on rhodamine with alkali and sub- 
jected the material obtained in this manner to the action of 
an alkyl halide. A new product was formed which Monnet 
supposed owed its formation to the rupture of the pyrone 
ring and alkylation of the two hydroxyl groups. He described 
the production of the first ^'anisoline'" as follows. 

lOO grams of rhodamine hydrochloride (product from 
diethyl-w-aminophenol and phthalic acid) are dissolved in 
Soo grams of water ; to the boiling solution another boiling 
solution of 50 grams of caustic potash in 200 grams of water 
is added. The potassium salt in thus precipitated ; if filtered 
and dried at 100 ° it forms a red! powder, but if dried in the 
cold, crystals containing two molecules of water are obtained. 

To convert the potassium salt (dried at 100®), into an 
anisoline, 10 grams are dissolved in 30 grams of strong 
alcohol, cooled, and 5 grams of ethyl chloride added. The 
mixture is then heated in a sealed tube for 4 hours at 120® 
and the product dissolved in 300 grams of water. After 
expelling alcohol and ethyl chloride by boiling, the solution 
is treated with 5 grams of hydrochloric acid, filtered and 
salted out. 

Monnet interpreted these results by supposing that the 
rhodamine gives a dipotassium salt on rupture of the pyrone 
ring and that the two potassium atoms are then replaced by 
ethyl groups. 






CO 


P NC),He). 

+2C,H.C1. 
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K 
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N(G,H,), 
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The new dyestuffs obtained in this manner were found 
to dye fibres, cotton included, without the help of a mordant, 
the shades produced being of a “rouge violace magnifique”. 
Patents were applied for, the value of the new dyestuffs 
being evident (Brit.P. 4677/1892; F. P. 216256; Friedlander, 

in, 178). 

Monnci s interpretation of his results was wrong and 
Bernthsen (Chem. Zeit., 1892, id, 1956) showed that alkylation 
had really taken place on the carboxyl group. Acting on 
this knowledge, the Badische Anilin- und Sodafabrik obtained 
patents for the conversion of rhodamines into anisolines by 
acting on free rhodamine bases with alkyl halides or by 
digesting rhodamines with an) alcohol and a mineral acid, so 
effecting esterification. 



c< >0 

yv XJ / KT 


CeH/-NR, 


C,H.< X.H.^NR, 
COOR' 


^C,H.=NR,X C.H,-NR,X 

+R'OH= X,H,^NR, +H,0 

COOH COOR' 

Both Monnet and the Badisehe Co. obtained British 
patents (4677/1892 and 7298/1892 respectively), litigation 
ensued, and Monnet's specification, as amended, shows the 
errors made in his earlier interpretation of his results. 

The Badische Co. took out a series of patents protecting 
the conversion of rhodamines into higher alkylated (ester) 
colouring matters. 

D. R. P. 66238/1891 deals with direct addition of alkyl 
halide to the rhodamine base ; it is mentioned that by heating 
the resulting compound to 140—170®, the alkyl halide is 
again split off and the original colouring matter regenerated; 
the reaction is therefore reversible. This behaviour would 
equally agree with the compounds being of ammonium type, 
but their formation by other niethods shows that they are 
really esters. 
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The following example is given. 

Free tetraethylrhodamine base (tetraethyldiaminojfluoran) 
is obtained by the action of caustic potash solution at the 
boiling point on a solution of the colouring matter (hydro- 
chloride). 6 kilos of the base prepared in this manner, 3 to 
6 kilos of ethyl chloride and 20 kilos of ethyl alcohol of 
92 per cent are heated for 4 to 10 hours at 120® under 
pressure or until the colour shows no further increase in 
blue shade. After cooling, the reaction product is diluted with 
water, excess of ethyl chloride and alcohol distilled off and 
the hot solution salted out. The hydrochloride separates as 
a syrup on cooling; for purification it is again dissolved in 
water, the solution filtered and salted out. 

After drying and powdering, the anisoline is thus ob- 
tained as a powder with greenish yellow metallic glance; it 
is easily soluble in water and dyes wool, cotton and silk in 
beautiful red shades without the help of mordants. 

Other alkyl halides may be employed in place of ethyl 
chloride ; it is alo possible to use a rhodamine salt with the 
equivalent amount of alkali instead of the free base. 

D*R. P. 72576/1892 (Addit. P. to 66238) refers to the 
alkylation of succineins. Thus i kilo of tetramethylsuccin- 
rhodamine hydrochloride is heated with a solution of i kilo 
of methyl chloride in 4 kilos of methyl alcohol and 250 cc. 
of caustic soda lye of 32®^ Be. in an enamelled autoclave by 
means of a boiling brine bath for 12 hours. The product is 
freed from methyl alcohol, dissolved in hot water and salted 
out by sodium chloride and, if necessary, zinc chloride in 
addition. This operation is repeated. 

For further purification, fractional addition of hydro- 
chloric acid to the aqueous solution may be employed or the 
substance can be fractionally crystallised from hydrochloric 
add, the less soluble sucdnrhodamine separating first. 

D. R. P. 71490/1^2 of the Badische Co. (see Brit. P. 
7298/1892) first describes the conversion of rhodamines into 
anisolines by esterification with an alcohol and a mineral 
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acid. Examples are given showing that not only monatomic 
but also polyatomic alcohols may be employed. 

Example i. i kilo of the tetraethylphthalrhodamine 
base (or a salt) is stirred with 2 kilos of ethyl alcohol and 
1^/2 kilos of concentrated sulphuric acid added gradually to 
the mixture which is then heated on the water-bath for 
6 hours. After pouring into 20 litres of water, the acid is 
neutralised with sodium carbonate and the dyestuff salted 
out in a syrupy state. It is again dissolved and salted out; 
after drying at 50 ^ it solidifies and can then be powdered. 

If it is desired to remove any non-esterified rhodamine, 
the solution is made alkaline by addition of sodium carbonate 
and the less basic rhodamine extracted by benzene. 

Example 2. i kilo of tetramethylsuccinrhodamine (zinc 
chloride double salt) is added to 5 kilos of methyl alcohol 
saturated with hydrogen chloride and allowed to stand for 
one or two days ; the greater amount of the hydrogen chloride 
and alcohol are then removed by heating on the water bath. 
The residue is dissolved in hot water and salted out by 
sodium and zinc chlorides. 

Example 3. i kilo of tetraethylphthalrhodamine is dis- 
solved in 10 kilos of glycerine by warming and saturated at 
water bath temperature with hydrogen chloride which is led 
in until no further increase of blue shade is observed. The 
product is poured into water, neutralised with sodium car- 
bonate and salted out. 

P. R. P. 73 457/1892 (Badische Co., additional to 71 490) 
describes the alkylation of rhodamine salts by heating with 
alcohols to 150 — 180^. Two examples are given. 

Exampe i. i kilo of tetraethylsuccinrhodamine and 
3 kilos of methyl alcohol are heated for 8 hours in an auto- 
clave to 150 — 160^. 

Example 2. Tetraethylphthalrhodamine sulphate is 
heated for 12 hours with 5 times its weight of ethyl alcohol 
to 170^ 

The Badische Co. found that the comparatively useless 
dialkylrhodamines of D. R.P. 48731 might be converted into 

Hewitt, synthetic ^5 
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Qseful dyestuffs by esterification; in this way, symmetrical 
diethyldiaminofltioran gives Rhodamine 6G. (Brit.P. 9633/ 
1892; U. S. P. 516 584 of A. Bernthsen ; F. P. 225 341 ; D. R. P. 
73 573/2892)- 

In the example given, 5 kilos of the rhodamine hydro- 
cMoiide are dissolved in 25 kilos of ethyl alcohol (96 per cent) 
and saturated with dry hydrogen chloride. Although the 
formation of the new dyestuff begins in the cold mixture, it 
is advisable to pass the acid gas through the solution for 4 to 
5 hours whilst it is heated on the water-bath under reflux, 
the heating being continued until a test portion dissolved in 
hot water no longer gives a precipitate on addition of sodium 
acetate. At this stage the solution is filtered if necessary and 
allowed to cool, the dyestuff crystallising on cooling. 

The rhodamine (i part) may also be alkylated by heating 
with ethyl alcohol (2 parts) and sulphuric acid (i^/o parts) on 
the water-bath or by heating one of its salts for some time, 
say ID hours, with alcohol to 150®. 

The British Patent (9633/1892) further describes the 
alkylation of diethylrhodamine base (40 parts) by heating it 
with methyl or ethyl alcohol (200 parts) and methyl or ethyl 
chloride (50 parts) for 8 hours in an autoclave placed in a 
boiling brine-bath. This process forms the subject matter of 
a separate German Patent (D. R. P. 73 880/1892). 

In D. R. PP. 75 528, 75529/2892, the Badische Co. extend 
the process of D.R.P. 73 573 to higher homologues, e. g. to 
the phthaleins obtained from methyb and ethyl -aminocresols. 

Meister, Ludus and Bruning (Brit. P. 16067/1899 ; F.P. 
292 453 J Bl. R. P. 121200/1899) describe a variation in the 
method of obtaining alkyl esters from dialkylrhodamines, the 
use of alcohol and an acid or of an alkyl halide being replaced 
by the employment of alkyl esterst of />-toluenesulphonic acid. 

Example i. 40 j^rts of diethylrhodamine base and 20 
parts of methyl ^-toluenesulphonate are heated for 2 hours 
at the cold reaction product powdered and stirred with 
coM caustic soda solution. The base is converted into hydro^ 
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chloride and unaltered dimethylrhodamine removed by 
sodium acetate. 

Example 2. A similar process employing* ethyl-/>-toluene- 
sulphonate. 

Example 3. 36 parts of dimethylrhodamine base and 
20 parts of ethyl-/>-toluenesulphonate are treated analogously. 

In further patents (Brit. P. 16068/1899; F. P. 291690; 
D- R. P. 121 201/1899) the use of methyl sulphate as an 
alkylating agent is described. 

Example i. An intimate mixture of 40 parts of dimethyl- 
rhodamine base, 5 parts of solid sodium carbonate and 20 
parts of methyl sulphate is allowed to stand for 48 hours at 
the ordinary temperature. The mass is powdered, extracted 
with water containing hydrochloric acid and the hydro- 
chloride completely separated by the addition of sodium 
chloride. The colour salt is then dissolved in water, unaltered 
rhodamine base precipitated hy means of sodium acetate! and 
the colouring matter separated from the filtered solution by 
addition of hydrochloric acid and salt. 

Example 2. 40 parts of diethylrhodamine base and 20 
parts of methyl sulphate are warmed for some hours to 60 ® ; 
the resulting dye is worked up as in Example i. 

In the foregoing patents, the rhodamine base is evidently 
taken in a hydrated condition, for subsequently (D. R. P. 
1 33474/1901) Meister, Lucius and Briining describe a process 
for alkylating the anhydrous form of the dialkylrhodamine 
bases; they formulate the reaction in the following way. 


O 


NH(C5H jQQQ : NH(C,H*) 
0 


-f CH, • C,H. •SO.OC.H, ^ 
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386 parts of anhydrous dialkylrliodamine base (prepared at 
170 are introduced into 240 parts of molten ethyl ^-toluene- 
sulphonate. The mixture is now heated slowly with stirring 
to 105 ° and kept for half-an-honr at this temperature. The 
cooled and powdered product may be used as such or con- 
verted into the easily soluble chloride. 

Sulphonation of Anisolines. 

The anisolines may be sulphonated but the conditions 
must be such that hydrolysis of the alkyl carboxylate group 
is avoided. The direct sulphonation of symmetrical diethyl- 
phthalrhodamine is described by Meister, Lucius and Briining 
(Brit. R 2999/1896; D.R.P. 87977). An additional patent of 
the same firm (D. R P. 94398/1896) describes the sulphona- 
tion of the corresponding anisoline (ethyl ester of the above 
rhodamine) by treating its hydrochloride with 6 times its 
weight of oleum (20 to 30 per cent SOg). After allowing to 
stand for 12 hours in the cold, the mixture is poured into 
ice water, salted out and the sulphonic acid converted into 
sodium salt. 


Afyl esters of rhodamines, 

Anisolines containing aryl carboxylate in place of 
alkyl carboxylate groups can be prepared. The result was 
achieved in the £rst instance by using halogenated aromatic 
compounds containing a reactive halogen atom. 

Meister, Lucius and Briining (D. R P. 75071/1892) 
describe the preparation of red dyestuffs from rhodamines^ 
substituting ^^-dmitrochloroben^ene for the aUcyl haldes 
mentioned in D. R P. 66238. Two examples are given. 

Example i. 44 kilos of tetraethylphthalrhodamine (base)„ 
2K> kilos of dinitrochiorobenzene and 100 litres of spirit are 
IxMled together for 10 hours under reflux. After distilling 
off the ^irit, the dyestuff is extracted from the residue by 
bofling out repeatedly with water and! salting out. 

^Examjle 2. 48 kilos of the rhodamine salt (hydro- 
c^toride), 5.3 kilos of soda-ash dissolved in 20 litres of hot 
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water, 20 Hlos of dinitrochloro'benzene and 100 litres of 
spirit are boiled together for 10 hours under reflux. 

In D. R. P. 79673/1893, Meister, Lucius and Briiniiig 
describe the preparation of ‘''nitrorosamines^’ from phthal- 
rhodamines. 

Example i. 21 kilos of diethylrhodamine hydrochloride, 
8.6 kilos of j^-nitrobenzyl chloride, 10 kilos of soda-ash, 
kilos of water and 50 kilos of alcohol (97 Vo) boiled for 
6 hours under reflux. The alcohol is distilled off, the solution 
filtered and salted out 

Example 2. 19.3 kilos of the aboTe rhodamine base, 
10. 1 kilos of chlorodinitrobenzene and 54 litres of spirit are 
boiled for 6 hours under reflux. 

The constitution of these dyes is not given by the 
patentees, but when a rhodamine is treated successively with 
phosphoryl chloride and a phenol there can be little doubt 
but that an anisoline containing an aryl carboxylate group is 
produced. In carrying out an esterification of this sort, 
Meister, Lucius and Bnining (D.R. P. 84656/1893) allow 
equal weights of rhodamine and phosphoryl chloride to 
interact and then remove the excess of the latter compound 
by distillation. Phenol (Y^ part) is then added and the 
mixture heated for i to 2 hours at 100 — 

If a rhodamine is converted into an ester of a polyatomic 
phenol, the resulting dyestuff may have the property of 
dyeing mordants (Badische Co., Bril P. 10194/1894; F. P. 
237757; D. R. P. 87 174/1894). Such a dye can be obtained 
by heating a mixture of 2 parts of diethylrhodamine and 
r part of pyrogaUol to 110—120^ and adding i part of 
phosphoryl chloride. Liquefaction takes place at first but 
the material then becomes viscous ; the heating isi oostinuai 
unfil die mass is solid. 

After cooling, the mass is powdered and any nimltered 
pyrogaUol and rhodamine extracted with .very dilute mdd, 
the te^due is best used in paste form. Cbttcm, mordanted- 
with tin 04 : alum is dyed red (hkie slutd^), chromed w«x)l 
takes a shade 
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2:&~Dihydroxytoliiene,tli3orescem 
from 322 

2:t)-Dihydroxy-2:3-xykne, fluo- 
rescein from 322 
3: 5-I>ihydro3Cj-i : 3* xylene, fluo- 

rescein from 322 
2: 7-Dimetliykcridme 

2- amino- 113, ijo, 132 
2:S-rfmmita0-, etIiocMoride of 

149 

Bimethilaminobenzaldehyde 174 
Binaetliflfluoraii 21 1 
2: 3-DimctIijIindok 30 
Dime tlijlphenoxazon inns salts 

3: 7-Diinethyl-S-plieiiylacridine 
j-ainin©-, 159 
2:8-4iainino*, 160 
a:S- 4 fihydroxj-, 163 
Dime tliyipjridiaecarboxf lie acid 6 
Dimethyl pyrc»se 213 

temarj salts from 2x7 
a: 4-I)imettiylciuiitolme 

3- clsloro- 36 

a:6-l)itiietiiyl<|uinolmc 54 
Mnaph thyl lat thane 
^firoxy- 116 
Dlfkolflttetfeaiie 14 
S: io-Di|ih««yIacrt4ol s-al'is ^5 


Diphenylamine 91, 9 S^ X* ' 

Diphenylamine-phtb^^^ 

5 : 5 -Dip!ietiy!diliydroa-^ 

3-aniino- 206 
«f2ainiiio 2od 
ami no 206 
2“4-di*mtro- 207 
Diphenylmethane i 33 
2-ainino- 92 
rlfamino- 136 

teirmlkyUrmmino' ^ ^ - 

k^raamino- 93, I35> a 

' ‘y 

k^raethyltefraamiriO-' 

o-nitro- 92 
teirumtvQ- 134 
Diphersylphthalide s7^ 

Diphenylpyryl salts aCr*! 

D iph ersy 1 tet re nedica rt> o 
fluorescein from 33-*4 
2-DiquinoyI 43 
2-DiquinoyI 42 
Ditolylme thane 

Uiru^mmo 115, 157 


E, 

£:carlate iutecienne 
Eosine 277, 301 
Eosioe, A extra 304 
Eosine, B extra 305 
Eosine, 10 B, 310 
Eosine, hleuatre 30S 
Eosine, 'water seluble 30-^ 
Erythrine 282, 

Erythrosine B, 3.3:0 
Erythrosine G 3 «^ 

Ethyl ^-ammocfoton.aif:e . ^ ' 

Ethyl l^azylgititacosml:^^ IS 
Ethyl Eosine ^ 

Ethyl 2-hydro3ity-4-iaet'li5rl]py- « 
diae-6-acetate 6 

Ethyl Intidinecarhpxyla-te ^ 
Ethyl p^adalntidosty ryi em,r 
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Ethylpyridines 13 
^-hydroxy 14 
Etbylqiiinolone 50 
Ethyl Red 58, 71, 7 ^ 

Euchrysin 3R, 156 
Euxanthone 236 

?. 

Fast Acid Blue R 346, 357 
Fast Acid Eosine G» 346, 353 
Fast Acid Phloxine A 346, 353 
Fast Acid Violet B 346, 35s 
Fast Acid Violet A2R, 346, 356 
Flavaniline 34 55 * 68 
FlaTeosiiie 105, 108 
Flavone 224 
Flavoool 225 

Formaldehydoxyfiueron 233 
Formyldiphenylamine 2, 96 
FormyI‘»i-pheiiy!eBediamitie, ust 

of 145 

Fltioran 274 

esterification of 288 
3:6-iFtammo- 349 
3:6-4ichloro- 294 
3:6-^»hydroxy-, sec Fluores- 
cein 

2:3:6: 7-lrff shy droxy- 3^1 
3:4;5:6-l^sh|droxf- 325 
Flnoroscein 

comstitntion of 369 
etbers and esters of 2S1 
general reactions 277 
preparation of 289 
salts of 293 

sundry compounds of type of 
333 

^ntomerism of 
^teetfl :^S 
anilide 2^ 

,, hromo- 
■ $m 

' 3:4 iihrotto- 

$ 77 * 


3" *.4^ 5^ “.rjMelrabromo- 307 
ortebromo- 30^ 
ieirahvomcdichlorci- 300, 3’i& 
iitrahrom otetrmh I o r o- 31© 
2:4*5* 7-i^trab romo*3' : 4"* : 5* : 6' 
-feirsiodo- 311 

4: 5-itbromo-2:7«^initro“ 315 

2:7-di-broin«)-4:5-iftmtro- 317 

2:7- (or 4:5) if tell loro- 2# 

3':6^-dichl€>ro- 3C» 

2:4:5: y-teiracM oro- 299 
3*-4'-S^-6*-Mrscliloro* 3C0 
4: S''dichl&m'S:7~dmitTO 315 
effiodo 30B 
2:4:5 ry-Mmiodo-* 308 
3* : 4' : 5' : 6^-Mmiodo- 309 
■ oefsiodo- 309 
4: 5 -dfiiitro- 3 II 
lefmnitro- 315 
Sis phenyl carbamate 296' 
phenylhydrazide 297 
Fluorescence 2^2 
Fiuorone andFIuorimcompotinds 
231 

Fiuorone, 

3-liydroxy- 233 
3 -liydroxycarb 03 cjlie acid 234 

a 

Galkin 325 
Gallin 326 
Gallol 326 

Glutaconaidehjde asil dcriTatlTCS 

30^ 31 

Glutazine 8 

a 

Homokol sS, 83 
Hy'droisoraasfcre 275 
Hjdrogallein 3^ 

1. 

Indraathrime Red, BK extra 
Iwiaiithrenc Violet 124 
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Imianthrcne Violet 4, extra 124 
lodeofinc B 31^ 

Inmmme G, G extra 341, 376 
5-l*^obtJtylacri(iine 100 
is-IsocincliGineroiiic acii 16 
Isocjaniries 58, 59» -69, 7 ^ 

Isoiiplieoylicetamidiiie 99 
isokol 5S, 83 
Isopyrophtlialoee 61 
IsogoisoplitlialoM 64, ^ 

K 

Katsnpferol 225 
Kairoline 49 
Kasan Red 354 
Kimniendgc S'fiales ii 
Kresorcio 273, 322 

L. 

Leather Brown, 165 
Leather Yellow 185 
Lepidine 32, 52, 54 
Liiteolk 225 
2: 4-Loti dine, 

6~hjdroxy-, ethyl ether of 7 

Ji. 

Maieinfiooresceiri 333 
Mellitiaoresceia 3.34 

1- Methoxyacridme 

§ -Metbox jptienyMiiiaplitlioxaii- 
tlicaol 34s 

3- Me,tftoxy-§- pbea jlio-oroae 2^ ■ 

2- Mclfeoxjpyiidioe 3 

4- Meth0xypyri'diite 3 

5- Metbylacridiae ^ 

2-aaiIiiio- 127 
Bietliiodide 

prcdnct with chloral im 
Mcdiylacridiaioai iodide 
Mt&y&criiol 4, 50, 9S 
liC'Aylicfiioae 4, $0, ^ 
Me^ytear^tytll 17,,. is 4S 
MetiyI-f^cirbostj«l 35 


Methylchloroacridioiiira chloride 

50 

Methyldihydroacridine 50 
a-Methyldihjdroindole id 
Methyldihydroqtiinoline 49 
MethylencdiresDrdn 233 
Methylene Red 256 
Methyl Erythrine 305 

9- Methylfloorone, 

3- hydroxy- 241 
2:3:7-tr*liydroxy 249 

1- Methyliudole 43 
Methylolpico lines 14 
Methylphenmorpholine 27 

3- MethyI-5-phenylacridine 103 

10- MethyI-5-phenyl-5-acridol 102 

2- Methylpyridine 13 
Methylpyridininm iodide 12 
Methylpyridoncs 3 
2-Methylguiiioliiie 33, 52, 53 

4- Methylgumoline 33, 52^ 54 
6“Methyl(5[umo!iiie 52 
Methylquinolinitiin iodide 17, 45 
i-Methyl-2-quinoloiie 17, 35, 45 
Methyl-o-toltiidine 43 

M. 

Maphthacridines (see Pheno- 
naphthacridines) 189 
l^aphthalftsorescem 334 
R aphthofliioran 
6:6'-d«hydroxy- 336 
Naplithofioorescem 335 
it-NaphthDqninaldime 83 
^Maphthoqninaldine 83. 
Mitrorosammes 
Hopaline 3.16 

Orange poor ctir i|^. ■ 

Oreija 273 

Orcinphthalein 273, ^ 
OrtkfKitifome T 58 
Oxaleiiis 234 237 
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Oxytctraldine 5 
OxytfiaWine 5 

P. 

Patent Phospliine 14B 
Patent F*!iC)Sp!iifie GG, G, R. M 
i6s 

Pelargonidine 225 
Feiar^onrum z-mmh 225 
Pentanedialdeliylc 20 
Fepfcr I 

Perikol 58, 83 
Phcnacetein 22S 
Phenroorptioliisc 23 
Phenolphtliilein 270, 2S7 
Phenolphthaleio anhydrid ^4 
«{-(2:i) Phenonaphtliacnd^ ^^9 
^-(i :2)Plienonapht!iacnc‘i^ Jpi 
alkylamino derivative ^9^ 
amino derivatives 10;^ 95 '* ^ 9 ^* 

199 

lioieolognes of 193 
y-phenyl derivatives^ 
5-Phenylacridine ioc ^4 
2:S-4fain.ino- 162 
? dfamino- loi 
2: 5 #-#*amOTO- 
3:5f-diainiiio- 
Irtamino- 104 ^79 
anilirio- 160 
Sp-bromo- 
5P'-chloro- I 

dilijdroxy- imethiodidc 102 

d^mitro- lO^dS 

S-Phenylac 

acid 103 
acid ic 

Pli^jjylayraiiilic acid 12s 

I -Fhtmf ^sropf ridiBina 

cilor 

2-45 
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'^henyldtiorone 240 
3-acetamirio* 241 
3-atnino- 241 

3 - hydroxy- 237, 247 

2 :$ :7-#ri hydroxy- 249 
Phenyl pyridine 9 

1- Fhenylpyridinium chloride m 

2- PlienylqyinoIine 33 
Phenyl -o-toliiidine 01 
Phenyixastheno! 244 

p-bromo- 245 
l>“ChIoro- 245 

Phenylxanthonitim salts 231 
Phloxime 300 
Phloxine Th 310 
Philadelphia Yellow 165 
Phosphine 106, 165 
Phosphine, Brilliant 5G 149 
Phosphine Patent, Sie Patent 
Phosphine 

Phthalonic acid, rhodamines from 

365 

a-Picoline 13 
^-Picoline 5 
Picolitiic acid 
dthydroxj- 7 
Finachrome 58, 80 
Pinacyanol 84, 

Pinaverdol 58, 7€, 78 
Pipmr m^rmm i 
Piperidine i 
benzoyl- 5 

Frimerose a Falcooi 30^ 
Frimerose soluble 
Frimmia 224 
Psendo bases 46^ 0 
Pyridine r, 4. 9 

4- aiiiino-2:Wi^fdroxf^ $ 
2-cMoro- 9 

4-efetoro- ■§ 
cyaaobromtdc 21 
etimodide- 13, 
s-hydfoxy- 3, li ■ 

4*hFdro3cy- 3 ■ 


B'? 

Bt'' f 



■f '# 

III'' 

■ f' 1 

404 SUREOT INDEX 

2:ti-cltliydTOxy- 8, 322 j 

Quinolphtbalein 284, 318 

ill 

2:4: ti--^J"tbyc!roxy- 8 j 

Quitiolphthalin 63, 66 


mercarichloride li | 

Qninophthalone 55, 60, 62 


methiodicie 2 ^ 

R. 

Ip I' 

flinitrophcaocliloridc I3» 

‘ ' 1 

B'i' ' -i 

Fyndine carboxylic acid. 

Eesacetein 229 

,f l- ■ i 

If: 1 ' 

iibydroxy- 7, 8 

^esed€i‘ kdeola 325 

; > ' 

FyrldiiiC‘2:3-dicarbDxylic acid 9 

lesorcinbenzein 237, 247 

Pyridoiics 3, 15, 50 

lesorciooxaleins 236 

' ^ 

Pyroratconic acid 217 

Rieonine 163, 179 


Fyrcmiellitiuorcscein 334 

Rhionine A, AL, A' 183 

Bi: : 

Pyronc S 

Rhdamine 339 


PjTont rimg 207 

Rhdamine B 339, 342, 343, 350 

mh- 

^ f ' - 

PjTonecarboxylic acid 8 

Rhottmine B extra 350 

' 1 • 

PyTi.‘iiinc 123, 212, 232, 250 

Rhodmine G, G extra 351 

;■ \ 1 : 

Pyroniiic G 253 

Rhodfeiine 3G, 3G extra 341, 376 

n- ;: 

Pyrophtlialoae 18, ^ 

Rhodadine 6G, 6G extra 27^ 344, 

i 1 ' 

Pyrosinc B and J 3€^ 

3^ > 

• i :■ 

Pyrrol € 8 

Rbodaiine 12GF 347, 371 

f ; 

Pyrflitifii compounds 222 

Rliodai%e O 350 , 

;■ ‘ : : 
r i i 

Pyrfliuni salts 2» 

Rhodam'^e S 342, 360 
Rhodam^s preparation from 

-■J 

Q. 

3:6-<iic^rafliioran 354, 358 

^ 'i 

QiiinaMinc 33, 52, 53 

mellitic fid pyromellitic acids 

\ f 

ciilofo derivatives of 67 

347 . 

phthaiic aid 349 

■ 

Qniaoline i, 32, 37 

■i "*'■ ■» 

2-ac€taiiQ:in€>-3#-nitroph€nyl 3^ 

phthalonicfcid 365 

■ 

amino derivatives of 44, 5^» 

succinic anydride 3^ 


cbloro derivatives of 44 

Rhodamines, 


3-cliloro- 50 

alkyl, esters f 381 

^ ■' 

3-cliloro-2: 4-dimethjl- 36 

arjl esters c43S8 

; ^ 

j:3-dfbydroxy- 35 

modification 0 carboxyl group 

.: k', ■■ /: 

' ■ 

a-lijdreacf- 34 

361 


2-Isf droxy«j-cartoxfia£Bid€ 36 

mordant dyestifs 378 

1 

mctiicnSde I7» 45 

sulphonated 35^ 

I 

nitro derlvatiiT'es of 4«>» 43? 44i 

iias^ymmetrical ^ 

\ f 

Qiiiriolise, djestifs from 55 

Rhodaimnols or Rhdols 344, 366 

: 1 ' 

Qoinolise E:cd 55 

Rliodine 2G 376 


Quinoline Yellow 

Rtiodinc 12GM 341 #144, 373 

1^- o -, 

. -i 1 

Qiiioo!iBe-3-carl»03*ylic add 97 

Rliodiols 344 t -346 

■' 1 

Qmiaolinefricarboxylic aiad ^ 

Riiodols mordant dyltiiffs 378' ' 

i : < 

Qtnnolinesul phonic adds 44 

Rosamiiies 2^ 241, % 259 

1 :* ■ 

-■ Qttinolinic acid 9^ 42 

‘Rosaaan^ saIpfeoiiate %62 

.• 5 ' 1 ^ 

hfdroxf- 16 

■ Rase 254 1 

■ jl 

fe 


m 

1 
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Rose B a Teau 308 

Rose Bengale 310 

Rose Bengale E and 3B 31 1 

Rose JB a Talcool 306 

Rosinda mines 259 

Rosol Red and Scarlet 18 

RuBeosin 300, 315 

Sacchareins 26€ 

Saftosine 315 
Salhydranilide 92 
Sensitol Green 78 
Scnsitol Red 86 
Shale Oils ii 
Spiriteosin 306 
Succinfluorescein 353 
Succinrhodamines 360 
Sulphonfluorescein 268 
/-Snlphopbthalic acid 358 
Sulphorhodamines 358 

r. 

Tetraalkyidiaminoxanthenes 232 
Tetrahydroxydiphenylmethane 

235 

Tetrahydroquinoline 2^, 43 
TMoacridine 122 
Thiofluoresceiii 296 
Thiolphtlialic acid, dyestuffs from 
68 

TMopyronines 256 
Toluene, 

2:4-d^tfaydroxy- 273 
2:6'4ihydroxy- 322 
3:S-(l«hydroxy- 273, 320 
d-Toluidine, production from qtii- 
noHne 43 


p-ToIuidine 

o-aminobenzyl- 131 
Tolunaphthacridine 116 
p-Toluqninaldine 54 
jj-Tolnqninoline 52 
p-Tolylxanthenol 245 
Trimethylene cyanide i 
2:4: 6-Triinethylpyridine 6 
Triphefiylpyranol 222 
Triphenylpyrjl salts 221 
Trypaflavine 122 

V. 

Violamine B 345, 355 
Violamine 3B 346, 357 
Violamine G 346 
Violamine R 356 
Violein 324 

Vitolingelb 5G, R, 2R 165 

X, 

Xanthene 208 
2: 6 - 42 hydroxy- 246 
Xanthenol or Xanthydrol 210, 231 
aryl derivatives of 244, 245 
Xanthin 165 
Xanthone 207, 275 
3: 6-dihydroxy- 243 
Xanthonium , Xanthoxonium or 
Xanthylium salts 209 
Xanthopurpurin 277 
dibromo- 277 
Xanthoxonium salts 209 
Xanthylium salts 209 
1 : 2-Xylene, 

3: 5-dihydroxy- 32ta 
1:3- Xylene 
2: 6-dihydroxy- 322 
Xylene Red 346 


